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Disclaimer

The following footbridge design project was completed by undergraduate students in the
Civil and Environmental Engineering Department of Michigan Technological University.
The students worked under the supervision of faculty members but, the contents of this
report should not be considered professional engineering.

*DO NOT CONSTRUCT THIS FOOTBRIDGE UNLESS PLANS HAVE BEEN
APPROVED BY A PROFESSIONAL ENGINEER
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1.0 Executive Summary

In August 2011, the team traveled to Panama as part of the International Senior Design program
at Michigan Technological University. 36 SB (switchback) Consulting was formed while
collecting data for the potential footbridge and is named after experiences while in Panama. The
following report presents the background and assessment of the potential bridge site as well as the
footbridge design that was completed in the fall of 2011.

On the assessment trip, the team actively engaged with the communities of Tijera and Chichica.
The local people want a way to cross the Quebrada Tinta River in order to safely commute
between Chichica and Tijera year-round. Interviews with members of the communities were
performed with the help of a Peace Corps volunteer in order to clearly understand the background
and need for a footbridge. Based on this information, the necessary data for designing a
footbridge was collected during the assessment trip.

The current design is a suspension type footbridge that spans the river near the existing crossing
between Chichica and Tijera. Components consist of concrete foundations and anchorages, steel
cables, steel towers, and a steel/timber walkway. The decisions for this design were based on the
communities’ desires and the feasibility of such a design.

The team will be submitting this design to the Peace Corps volunteer living in Chichica as well as
collaborating with Bridges to Prosperity in an effort to move forward with the construction of the
footbridge. 36 SB Consulting intends to fulfill the needs of the communities by providing a
sustainable and affordable footbridge design that can be constructed by the people of Chichica
and Tijera.
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2.0 Introduction

36 SB consulting is comprised of Yingying Jin, Deanna Larson, Haobo Ma, Michael Rood, and
Stephanie Watts-Garcia, all of which are Civil Engineering undergraduates at Michigan
Technological University (MTU). The team is part of the International Senior Design Program at
MTU. During August 2011, the team traveled to the country of Panama and visited a community
in rural Western Panama to assess a possible footbridge site location.

Panama is divided into nine provinces with three additional land areas outside these provinces
called comarcas or regions. These three comarcas, known as the Kuna, Emberd, and Ngdbe
Buglé, are home to the indigenous peoples of Panama. The footbridge project is located in the
comarca Ngobe Buglé where the indigenous people are part of the Ngobe Buglé indigenous
group. The footbridge would help the Ngébe Buglé people in the Tijera community which is near
the town of Chichica.

3.0 Project Description

Tijera is a community of indigenous Ngobe people in the comarca Ngébe Buglé in the country of
Panama. Figure 1 shows where Tijera is in relationship to the rest of Panama. Between 600 and
800 Ngbbe people live in Tijera. The nearest town to the Tijera community is Chichica, which is
about a one and a half hour hike away. The two communities are separated by a river. During the
months of higher precipitation, the river crossing becomes impassable as the river rises. Residents
of Tijera have to travel to Chichica on a regular basis. There is a school in the Tijera community,
but the education level only reaches grade six. If a student wishes to continue their education past
grade six they have to travel to Chichica where education through grade twelve is offered.
Chichica also has government offices that residents of Tijera need to visit.

PANAMA

Satellite

Photos

Proposcd Bridge

Reserva Forestal it
* e Foruna

|§|;+I_| ©2011 Google - Map data ®2011 Geogle - Terms of Use - Edit in Google Map 11a
Figure 1: Map of Panama with Project Location
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The trail between the Tijera community and Chichica is the shortest and most direct route; it
crosses a stream named Quebrada Tinta. Figure 2 shows a map of the Tijera community
including the trail that goes from Tijera to Chichica. The water level in the Quebrada Tinta
fluctuates often. According to the local Ngobe people, the water level in the river is at its highest
in the beginning and the end of the rainy season (May and November). A footbridge is needed to
be able to cross the Quebrada Tinta safely year round, but especially when the water levels are
extremely high.

CROQUIS
COMUNIDAD
TIJERA
SURU

Figure 2: Map of the Tijera Community Area

4.0 Methods and Procedures

Several tasks were done while in Panama to obtain all of the information necessary to design a
footbridge. First, a feasibility survey was done in order to see where the bridge should be located
and to gather information about the surrounding area. Then land surveying, soil tests, geological
surveying, and water flow analysis were completed. Below are the methods used for each of these
tasks.

4.1 Feasibility Survey

A feasibility survey was performed by having conversations with the local Ngobe people about
the river, the local area, and the possibility of constructing a footbridge. There were five Ngobe
men who spoke Spanish that were able to be interviewed. All of these men were asked the same
questions to get the best representation of the actual answers or data. The information obtained
through the feasibility survey is used throughout this report.

4.2 Surveying

The land surveying methods of the selected bridge site were measured by using tacheometry,
otherwise known as stadia measurement, with the aid of a handheld GPS to obtain approximate
coordinates and elevations. The equipment included: a theodolite with an optical plummet, a
tripod, a level rod, a steel tape, and a compass. All calculations and procedures were performed
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according to Chapters 8 and 12 from Elementary Surveying and Volume B of Survey, Design and
Construction of Trail Suspension Bridges for Remotes Areas.

The bridge axis was selected based on a preliminary assessment of geologic features, accounts of
high water levels, and the feasibility survey. Once the bridge axis was located, survey points for
the bridge axis were placed in their appropriate location (see Appendix A). Benchmarks were
then placed to be inter-visible of each other and near the bridge axis points in order for the bridge
structure to eventually be staked out for construction. Benchmarks were witnessed by measuring
the horizontal distance and compass azimuth from the point to the face of trees. These trees were
blazed with a machete on the side of the tree facing the benchmark point. The handheld GPS unit
was then used to record the approximate coordinates and elevations of the benchmarks.

The topographic survey involved collecting data related to the geological, hydrological, and land
use features of the bridge site. In addition, a traverse around the benchmarks and bridge axis
points, shown in Appendix A, was performed to ensure their positions and relationships to one
another were within tolerances. The measurement information of the topographic survey was
recorded in addition to naming the features that were being recorded. Points of interest that were
noted are accounts of the highest water level, dramatic changes in grade, larger trees close to the
bridge axis, land use features, and river bed characteristics. Several photographs were also taken
due to the dense foliage and changing river grades of the area to aid in the generation of a detailed
topographical map. Please refer to Appendix J, Drawing No. 1, to see the general topographical
features of the bridge site.

4.3 Soil Classification and Geological Survey

The type of soil near the bridge site needed to be identified and classified so that the bearing
capacity of the soil could be estimated and used when designing the foundations and anchorages
of the bridge. At each of the planned bridge foundation sites a 2 ft. x 2 ft. x 4 ft. soil test pit was
dug. The soil from the test pits was separated into four layers. Each vertical foot was a layer that
would get analyzed. Tests were performed according to ASTM D 2488, Standard Practice for
Description and Identification of Soils (Visual — Manual Procedure), for color and major
constituent identifications, dry strength test, dilatancy test, plasticity/ toughness test, and moisture
identification on each layer. Pictures were also taken of every layer. The results can be found in
Appendix B.

A preliminary sketch of the area surrounding the river was drawn while at the bridge site. The
sketch provides a rough idea of the landscape features of the river area that helped when
generating a detailed topographic map. The resulting sketch can be found in Appendix B.

4.4 River Flow

The hydrological survey of the Quebrada Tinta near the bridge site was completed using practical
engineering methods. A sealed empty bottle was sent downstream at various sections along the
river and the time and distance the bottle traveled was recorded. The method named “float
measurement’ was defined as the distance the bottle traveled versus time. The river was divided
into five sections across the river shown in Appendix C. There were two upstream, two
downstream, and one at the approximate bridge crossing. The lines that make up a section were
perpendicular to the flow of the river. The lines separating the sections were paced off to be

Page 4



Chichica Footbridge Project 36SB Consulting Fall 2011

approximately twenty feet apart. The results from the float measurements can be seen in
Appendix C. The depth of flow was measured using a tape at the various sections along the
width of the river. The river bottom is very rocky as it can be seen in Figures 3 and 4, both
upstream and downstream of the bridge site. The width of the river was also measured using a
cloth tape at the various sections along the river. The average river velocity was 1.5 ft. per second
with an average flow rate of 45 cubic ft. per second. These results can be seen in Appendix C,
Table 3.
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5.0 Analysis and Design Options
5.1 Surveying

The land surveying data was input into Carlson® software with AutoCAD®. In order to ensure
that the field work was performed adequately, the traverse data was processed to determine the
closure precision. The raw traverse data closure precision was 1 in 902, as listed in Appendix A.
According to Chapter 12-12 on Stadia Precision in the Elementary Surveying text, 1 in 500 is
adequate closure precision. The unadjusted traverse data that was processed is acceptable. Once
this was determined, the remaining topographic data was input into the software to generate a
detailed topographic map of the area. This can be seen in Appendix J, Drawing No. 1.

5.2 Bridge Site Hydrology

A bridge site (ungaged) hydrologic analysis had to be performed in order to establish a high water
level in the Quebrada Tinta. The hydrologic analysis was completed by referring to the World
Catalogue of Maximum Observed Floods. The catalogue has maximum flood information related
to a large watershed that includes the area surrounding David, Panama. The characteristics of the
larger watershed were compared to the proposed bridge site watershed. The two watersheds share
the following characteristics: located in Western Panama, mountainous terrain, average to less
permeable soil, and comparable land use. Based on these comparisons, use of the catalogue’s
values is deemed acceptable. Table 2 shows these comparisons in more detail.

Table 1: Watershed Comparison

Bridge-Site
Location David, Panama (Chichica, Panama)
Area (sq. miles) 463.32 2.05
> 5% 8%

Terrain slopes (percent)

Soil Permeability

average to low

average to low

Land Use

70% cultivated land
30% dense forest

60% cultivated land
30% dense forest

Since the two watersheds differ greatly in size, scaling of the rainfall intensity is required. For the
bridge site watershed, if a 100-year rainfall event were to occur, it would likely completely cover
the watershed area uniformly for the duration of the event. For the larger watershed surrounding
David, a 100-year rainfall event would not cover the entire watershed uniformly for the duration
of the event. So, based on the differences in area, a ratio multiplier was determined in order to
obtain an appropriate estimate of the flood level at the bridge site. The calculated flood height for
a 100-year rainfall event was compared to the local inhabitants’ observations, which can be seen
in Appendix D. The results of these calculations are lower than the flood levels observed by the
local residents of Chichica and Tijera; therefore, the observed flood level was used to determine
the bridge walkway elevation.
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5.3 Soil Classification and Geological Survey

In Appendix B, it can be seen that the soils from both sides are very similar. The soil has been
classified as silty-clay. The biggest difference between two test pits is that the amount of gravel in
the south side pit increased with depth. During the rainy season, the moisture content is very high
because of the daily rain. There were also roots and leaves in the soil. According to the local
residents if a deep enough hole near where foundations are located, approximately 15 ft. deep on
either bank, was dug, bed rock would be hit. The worst case soil characteristics were used when
designing the anchorages and foundations to ensure a safe design.

5.4 Erosion Inspection

The banks and river bottom have favorable erosion characteristics. The river bottom is mostly bed
rock and the river banks have dense foliage on either side. The roots of the trees serve as natural
erosion protection. The local inhabitants pointed out where erosion takes place near the bridge
site during the flooding season. Upstream of where the bridge axis was located the slopes are
mainly soil with few trees, when river levels are high this area is most affected with erosion. The
bridge axis is located where little to no erosion occurs during the rainy season because of trees
and rocks located on the banks that serve as natural erosion protection and this was considered in
design recommendations for the footbridge.

5.5 Concerns

Transportation of materials is a major part of the construction of the footbridge. The material will
have to be transported by foot or by horse to the bridge site over rough and mountainous terrain,
this will consume precious time during a construction window of six months during the dry
season.

An experienced project manager will need to be present for key parts of the construction of the
bridge. The project manager must be skilled in general engineering knowledge and most
importantly, have been involved in prior bridge erection projects in similar conditions. Things
such as hoisting and tensioning of the cables need to be supervised to make sure that they are
executed properly.
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5.6 Feasible Design Options

The landscape of the area lends to the possibility for implementing either a suspended or
suspension type bridge design. The span length of a suspended bridge would be much longer than
a suspension bridge and could only offer a walkway height above the highest predicted water
level comparable to a suspension bridge. The footbridge needs to be as inexpensive as possible. A
suspension type bridge offers the best solution. The communities are familiar with footbridges
around the area and know that the ones made with lots of timber components do not last in the
harsh, humid conditions. The members of the community interviewed prefer that portions of the
footbridge be made out of steel because a nearby bridge has lasted for several years with little
maintenance. The team visited this bridge, shown below in Figure 5.

Figure 5: Example Suspension Brid he Surrounding Area

Structural components made out of steel would make the bridge last for years and reduce the
maintenance required. Again we had to take transportation into consideration. Nearly all of the
materials needed to build the footbridge have to be able to be easily transported to the site. The
skill of the local residents also has to be taken into consideration. The construction of the bridge
is going to be completed by them, so ensuring construction can be performed is important.
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6.0 Final Recommendation and Conclusion
6.1 Design Recommendations

The calculations for component design of the suspension footbridge were completed based on
Survey, Design, and Construction of Trail Suspension Bridges for Remote Areas, and this text
also includes standard design drawings. The corresponding design drawings were used once
calculations were completed. The footbridge is designed for a walkway loading of 104 Ibs. /sq.
ft., which includes both dead and live loads. A visual representation of how many people it takes
to produce a loading of 100 Ibs. /sq. ft. is shown below in Figure 6.

Figure 6: Example of 100 psf Loading

The footbridge span is 186 feet, and was used in the Survey, Design, and Construction of Trail
Suspension Bridges for Remote Areas to determine cable and tower conditions. The layout of the
footbridge is shown below in Figure 7 and the detailed drawing can be seen in Appendix J,
Drawing No. 2.
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Figure 7: Snapshot of Footbridge Layout
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The footbridge is skewed from being perpendicular to the river and the span is farther up the
banks from the high water level. The combination of these two items take advantage of the
natural erosion protection on either bank mentioned previously. This eliminates the need for
extensive erosion protection and reduces maintenance around foundations.

6.1.1 Cable Design

Cables were designed to withstand dead and live loads. The main cables will consist of two,
1 3/8 inch (36 mm) diameter main suspension cable, and two, 1 inch (26 mm) diameter
spanning cable. The cable calculations can be seen in Appendix E. The selected cables
provide a safety factor of 3 to 1 in relation to the full load tension they may experience in
place at the bridge site compared to the minimum breaking strength of the wire rope. The
dead and hoisting load sag is also noted in Appendix E, and this will be referred to when the
construction of the bridge is taking place. The hoisting and dead load sag elevations at the
midpoint of the span will be a check to ensure the main cable is tensioned correctly.

6.1.2 Tower Design

The tower height was determined based on the span of the footbridge. The tower withstands
the full vertical load from the main cables. It was checked as to whether the tower will
buckle under this load. Wind loading was also placed on the tower as an additional check.
The tower calculations can be seen in Appendix F. The tower is going to be made out of
steel components which could be fabricated and welded at a fabrication shop in Santiago,
Panama. The fabricated pieces will only have to be bolted together at the bridge site. To
build the tower, drawings can be seen in Appendix J, Drawing No.4.

6.1.3 Foundation Design

The foundations were sized based on the loadings from the tower weight, the vertical
loading from the cable resting on the top of the tower, and the bridge site soil characteristics.
The foundation had to be sized to satisfy safety factors against sliding and bearing capacity.
The foundation calculations can be seen in Appendix G. An additional check related to the
settlement of the foundations was determined, this can be seen in Appendix G. The
settlement and time rate of settlement checks were performed to see if, during the
construction period, any portions of the project needed to be postponed due to settlement of
the foundations. The settlement estimates are minimal and will not affect the construction
process in a significant way.

The foundations will consist of a masonry block exterior that will be filled with concrete.
Additional steel components will be put in place to fasten the towers and walkway to the
foundation, these will also require fabrication. Reinforcement and hooks will also be placed
in the concrete. The hooks will be used to assist in tower erection and cable hoisting. The
detailed design drawings can be seen in Appendix J, Drawing No. 5.

6.1.4 Anchorage Design

Main cable anchorage blocks were sized using the same soil characteristics for foundation
design and also satisfied the same safety factors for sliding and bearing capacity. The
calculations performed to size the anchorage blocks can be seen in Appendix H. The
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anchorage blocks were placed at certain backstay distances from the towers to ensure that
the angles of elevation for the main cables on either side of the top of the tower were
approximately the same. Since the settlement of the larger foundation blocks was minimal, a
settlement check related to the anchorages was not performed.

The anchorages will be formed and filled with concrete. Similar to the foundations, steel
components and hooks will be placed in the anchorage blocks for the attachment of the main
cables. The hooks will be used to assist in tower erection and main cable tensioning. The
detailed design drawings can be seen in Appendix J, Drawing No. 5.

6.1.5 Suspender and Walkway Design

The suspenders are going to be made of 1/2 in. (12mm) diameter rods. They were designed to
withstand the loadings from the walkway and live loads. The suspender calculations can be seen
in Appendix I. The suspenders were sized to fit between the main and spanning cables, according
to the dead load sag of the main cables and the dead load camber of the spanning cables. Detailed
design drawings for the suspenders can be seen in Appendix J, Drawing No. 3. The suspenders
will require fabrication and welding. and will then be bolted in place during construction.

The walkway is going to be made of steel frame parts with a wood decking. The wood that is
available locally and going to be used as the decking is similar to Southern Pine. Checks were
performed on the timber to make sure that it could withstand the worst case loadings. The three
checks that were performed, according to NDS-05, National Design Specification for Wood
Construction, are bending, shear, and deflection. The size and characteristics of the timber were
used to complete these checks. Southern Pine timber passed all of these checks, as can be seen in
Appendix G, and therefore the wood available is adequate to use as our decking. A detailed
drawing of the walkway can be seen in Appendix J, Drawing No. 5-10.

6.2 Construction

The construction schedule was completed using general construction knowledge while closely
referencing RS Means Building Construction Cost Data, the Bridges to Prosperity construction
manual, Volume 1: Guidelines for Survey, Design & Construction, and Volume D: Execution of
Construction Works of Survey, Design and Construction of Trail Suspension Bridges for Remote Area.
From these a realistic schedule for construction of a bridge in a rural setting was developed.

The footbridge is expected to take 20 weeks to construct. This includes the time needed to transport all
materials. An additional year was added to the construction schedule to account for the mobilization
needed for the project. The construction schedule can be seen in Appendix L with the detailed
description of individual tasks. A selection of Bridges to Prosperity manual pages is also attached to
assist with the construction of the footbridge. This is shown in Appendix M. Since the bridge requires
several items to be fabricated, shop drawings from the standard design drawing volumes of Survey,
Design and Construction of Trail Suspension Bridges for Remote Areas have been compiled into
Appendix K. These can be used to assist in the fabrication process of the steel components.
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6.3 Cost Estimate
Table 2: Overall Cost Estimate

Overall Estimate
Item Total Cost Actual Cost (Donations Subtracted)
Materials $40,500 $35,500
Labor $22,000 $3000
Equipment $4500 $4500
Total $67,000 $43,000

The footbridge is estimated to cost a total of $43,000, as shown above in Table 1. For a complete
breakdown of the cost estimate, refer to Appendix N. The cost estimate was completed by using a
number of references for prices of materials, equipment, and transportation needed for the construction
of the footbridge. First, a list of materials that can be bought close to Chichica (in Tolé), such as rebar
and cement, was obtained. The Peace Corps Volunteers in the area, Jessica Rudder and Chris Kingsley
provided prices for these items. A store, Cochez®, was found via the internet in Santiago, which is a
construction material distributor. This store is the closest one to Chichica that has the materials not
available in Tolé. A sales representative with Cochez® provided the prices for these additional
materials. The steel required for the foundations, anchorages, towers, and suspenders will be fabricated
in Santiago. The price of steel was based on the weight of the steel and also the number of cuts and
drills and amount of paint needed for all of the pieces. Prices were obtained for the cable and cable
accessories through a Bridges to Prosperity corporate partner, Heco Slings Inc. Robin Long, the
Director of Operations for Bridges to Prosperity, confirmed that the cable can be donated, but the cable
accessories will have to be paid for.

A majority of equipment prices for simple tools were also obtained from speaking with the sales
representative with Cochez®. Rental prices of other items were obtained from two companies, Airco
Inc. and Madina Tools Rental Inc., both located in David. A significant amount of the fabrication will
be done in Santiago which will require less power tools/equipment at the bridge site.

Cochez® also offers delivery from Santiago to Tolé and they provided transportation costs per trip
between the two locations. Both Airco Inc. and Madina Tools Rental Inc. also deliver equipment and a
price was provided to transport the equipment from David to Tolé. It was determined that chivas’ could
be rented to transport the materials to Chichica from Tolé. Jessica Rudder provided the cost to rent a
chiva for one day. Even though the cable is going to be donated, the cost of transportation from
Norfolk, Virginia to the bridge site had to be determined. A shipping rate was found from Norfolk,
Virginia to Panama City, along with a rate to transport the cable from the port in Panama City to Tolé
to estimate the total cost to transport the cable and cable accessories.

Research was done to find the average cost of a project manager and a construction laborer in Panama.
RS Means Building Construction Cost Data was used to estimate how long tasks would take. These
two things combined were used to estimate the total labor cost to construct the bridge.
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6.4 Future Recommendation and Conclusion

Upon completing the design of the footbridge near the communities of Chichica and Tijera, the
next steps to implement the design would be a partnership between the Peace Corp Volunteer
Jessica Rudder, Bridges to Prosperity or a similar non-governmental organization, and the
community members. An experienced project manager located in Panama will also need to be
sought out if the project were to move forward. The design itself will require some reviewing by a
professional engineer to ensure that all aspects of the project are safe and feasible. The project
design was completed with the intention of creating a sustainable yet inexpensive footbridge.
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APPENDIX A: LAND SURVEYING DESCRIPTIONS AND RESULTS



List Points Report

PointNo Northing(Y) Easting(X) Elev(2) Description
1 5018.63 4935.02 993.85 North Ridge
2 5051.27 4972 .65 994 .94 North Ridge
3 5066.63 5033.79 998.63 North Ridge
4 5056.52 5039.18 993.06 Down N Ridge
5 5046.73 5047.77 984 .81 N Trail

6 5054 .47 5082.67 980.23 N Trail

7 5023.27 5024.68 982.33 N Trail

8 5021.72 5001.37 983.19 N Trail

9 5018.54 4970.78 985.24 N Trail

10 5008.38 4952 .23 987.02 N Trail

11 4970.10 4955.04 979.67 N Bank

12 4983.94 4984 .97 979.67 N Bank

13 5006.09 5023.21 980.44 N Bank

14 5023.00 5051.05 980.86 N Bank

15 5001.52 5045.96 978.82 HWL

16 4988.10 5040.25 978.34 Edge N Bank
17 4968.72 5023.05 976.60 Edge N Bank
18 4979.74 5012.81 978.81 N Bank

19 4955.11 4998.95 977.07 N Bank

20 5071.00 5108.68 973.01 NE River Edge
21 5047.38 5145.33 973.50 SE River Edge
22 5039.64 5120.39 971.99 Center River
23 5035.52 5110.14 972.04 Center River
24 5006.19 5119.77 975.78 S Rocky Shore
25 5007.23 5136.78 977.29 Edge S Rocky
26 5002.39 5088.94 977 .59 Edge S Rocky
27 5002.80 5081.46 971.05 Center River
28 4976 .86 5087.71 972.78 S Edge River
29 4966.83 5112.20 978.94 Fence Line
30 4964 .04 5134.26 981.86 S Trail

31 4946 .89 5100.87 978.77 Top Edge River
32 4956.04 5085.80 969.30 Corner Inlet
33 4957 .32 5068.97 967.95 River Bottom
34 4942 .66 5055.76 967.19 S River Edge
35 4926.18 5044.19 967.07 S River Edge
36 4908.60 5026.29 966 .97 S River Edge
37 4906.80 5018.82 966.78 S River Edge
38 4911.28 5057.93 977.07 S Edge Bank
39 4913.86 5071.58 980.33 S Hillside
40 4902.39 5067.96 983.84 S Hillside
41 4932.03 4959.77 978.37 N Bank

42 4964 .00 5023.46 975.51 N Bank

43 4957 .25 5028.17 970.36 Rock Edge

44 4952 .36 5028.99 966 .00 N Edge River
45 4944 .11 5036.93 964.10 Center River
46 4937.31 5044 .65 963.87 S Edge River
47 4911.53 5028.13 965.18 S Edge River
48 4915.41 5009.17 964 .17 Center River



PointNo. Northing(Y) Easting(X) Elev(2) Description
49 4917 .38 4999 .46 965.13 N Edge River
50 4917.74 4989 .58 969.96 N Bank Edge
51 4936.29 4993.89 972.81 N Bank Edge
52 4930.78 5020.82 965.08 Base 60" Tree
53 4963.77 5036.57 966.55 N Edge River
54 4981.12 5051.12 968.54 N Edge River
55 4950.97 5043.90 966 .59 S Edge River
56 4949.68 5047.71 962.25 Center River
57 4941.90 5053.45 965.64 S Edge River
58 4964 .47 5067.29 966.70 Center Inlet
59 4965 .57 5061.72 969.11 Center River
60 4977 .47 5051.75 975.49 N Edge River
61 4984 .42 5051.81 968.34 N Bank Edge
62 4941.58 5141.14 994.02 SE Hillside
63 4952 .66 5192.02 1008.79 SE Top Hill
64 4967 .17 5187.38 1009.22 SE Top Hill
65 4927 .04 5147.98 992.89 SE Hillside
66 4919.09 5162.30 993.28 SE Hillside
67 4910.76 5139.56 985.29 SE Hillside
68 4921.50 5136.04 984.33 S Trail

69 4961.34 5134.33 982.22 S Trail

70 4947 .23 5101.80 978.88 E Bank Edge
71 4950.09 5099.02 971.50 E Edge Inlet
72 4926 .97 5120.28 981.72 E Edge Inlet
73 4918.49 5128.40 982.62 E Edge Inlet
74 4913.05 5121.90 982.84 Center Inlet
75 4909.51 5115.67 983.04 W Edge Inlet
76 4920.30 5109.99 981.16 W Edge Inlet
77 4922 .08 5092 .41 985.07 Base Tree 40"
78 4906.90 5097.60 985.81 S Trail

79 4908 .86 5083.83 988.19 S Trail

80 4943 .39 5089.55 973.80 W Edge Inlet
81 4931.69 5086.93 976.03 S Bank

82 4926.31 5072.64 975.43 Fence Line

83 4912 .41 5072.22 981.22 S Bank

84 4893.57 5090.31 995.76 S Hillside

85 4863.78 5097.70 1008.27 S Top Hillside
86 4848.25 5088.55 1008.46 S Top Hillside
87 4832.94 5076.95 1007.10 S Top Hillside
88 4818.87 5065.21 1007.15 S Top Hillside
89 4807 .59 5050.64 1004 .49 S Top Hillside
90 4807 .39 5039.22 999.33 S Hillside

91 4815.94 5029.38 992.98 S Hillside

92 4850.78 5051.22 992.35 S Trail

93 4866 .04 5061.34 992.97 S Trail

94 4888.80 5058.94 983.96 S Bank

95 4868.66 5044 .29 984.33 S Bank

96 4832 .81 4998.96 978.57 S Bank

97 4821.84 4985.84 978.56 S Bank

98 4892 .87 5026.96 983.36 Fence Line

99 4902.99 5046 .56 974.13 Fence Line



PointNo. Northing(Y) Easting(X) Elev(2) Description
100 4916.85 5060.22 975.29 Fence Line
101 4914 .14 5080.35 983.02 S Bank

102 4864 .67 4976.18 966.38 S Edge River
103 4870.71 4977 .65 965.14 Center River
104 4900.58 4988.90 967.91 Top Boulder
105 4987.79 5090.57 971.21 W Boulder
106 5007.20 5086.91 971.21 Rock Field
107 4995.78 5127.17 976.17 Rock Field
108 5042.01 5153.93 974.94 Rock Field
109 5102.30 5129.69 974 .43 N Edge River
110 5085.66 5112.35 974 .53 N Trail

111 5062.05 5081.88 975.92 N Trail

112 5039.12 5057.77 980.57 N Trail

113 4991.61 5066.14 971.57 Top River
114 4986 .41 5076.40 967 .97 Eddy Currents
115 4984 .52 5083.68 969.18 Eddy Currents
116 5004 .47 5084.30 968.05 Spillway

117 5037.37 5098.47 971.90 River Bottom
118 5082.05 5179.38 976.10 River Bottom
119 5120.41 5142 .61 974.25 River Bottom
120 5127.21 5074.15 1007.90 North Ridge
121 5011.28 5013.44 980.00 Tree 14"

122 5018.94 4995.97 980.00 Tree 14"

123 5006.09 4994 .51 980.00 Tree 13"

124 4975.41 4982.13 980.00 Tree 12"

125 4921 .45 5089.67 989.78 Tree 40"

126 4899.17 5067.08 989.78 Tree 6"

127 4874 .43 5062.25 989.78 Tree 24"

128 4867 .07 5069.45 989.78 Tree 12"

200 4870.65 5005.55 979.66 Fence Line
201 4845_.11 4981.04 977.17 Fence Line
202 4852 .24 5025.58 981.84 S Bank

203 4873.75 5004.90 968.48 S Bank

204 4849.16 4980.91 966 .84 River Bottom
BM1 5000.00 5000.00 980.00

BM2 4895.49 5073.45 989.78

PT2 5004.73 5033.67 979.89

PT3 4887 .26 5038.22 976.63

PT4 4963.87 5117.49 979.38

Number of points listed 138



Traverse No Adjust Results

Stadia Reduction Method
Scale Factor: 1.00000000
Correct for Earth Curvature: OFF

Closure Results

Starting Point BM1: N 5000.000 E 5000.000 Z980.000
Closing Reference Point PT2: N 5004.732 E 5033.669 Z979.890
Ending Point PT2: N 5005.055 E 5033.907 Z 980.007

Azimuth OFf Error: 36°23"31"
North Error : 0.32272
East Error - 0.23786
Vertical Error : 0.11673
Hz Dist Error : 0.40091
SI Dist Error 0.41756
Traverse Lines 5

SideShots -0

Store Points : 1

Horiz Dist Traversed: 361.720
Slope Dist Traversed: 364.731

Closure Precision: 1 in 902

Starting Point BM1: N 5000.000 E 5000.000 Z 980.000

BackSight Azimuth: 00°00*00"

Point Horizontal Elev Slope Inst Rod Northing
Easting Elev
PT2 AZ82.0000 -0.1100 34.000 0.000 0.000 5004.732

5033.669 979.890

PT4 AL146.0030 -0.5100 93.251
5117.486 979.380

BM2 AL83.1215 10.4000 81.992
5073.800 989.696

PT3 AL135.5615 -13.1500 38.486
5040.698 977.337

PT2 AL80.1045 2.6700 117.000
5033.907 980.007

0.000 0.000 4963.867

0.000 0.000 4896.046

0.000 0.000 4888.312

0.000 0.000 5005.055
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APPENDIX B: SOIL TESTS AND SITE GEOLOGICAL SURVEY RESULTS



Visual Identification Process for Soil

1.

2.

3.

Identify the color (e.g. brown, gray, brownish gray), odor (if any) and texture (coarse
or fine-grained) of soil

Identify the major soils constituent (>50% by weight) using Table 1 in Labl handout,
as coarse gravel, fine gravel, coarse sand, medium sand, fine sand or fines.

Estimate percentages of all other soil constituents using Table One and the following

terms: trace — 0 to 10% by weight, little — 10 to 20%, some — 20 to 30%, and — 30 to
50%.

If the major constituent is sand or gravel: Identify particle distribution (Describe as
well-graded or poorly-graded) and particle shape (angular, subangular, rounded,
subrounded) using Figure One and Table 2 in Lab1 handout.

If the major constituents are fines, perform the following tests:

e Dry Strength Test: Mold a sample into 1/8” size ball and let it dry. Test the
strength of the dry sample by crushing it between the fingers. Describe the
strength as none, low, medium, high, or very high depending on the results of the
test shown in Table 3 in Lab1 handout.

e Dilatancy Test: Make a sample of soft putty consistency in your palm. Then
observe the reaction during shaking, squeezing (by closing your hand) and
vigorous tapping. The reaction is rapid, slow, or none according to the test
results given in Table 4.

e Plasticity (or Toughness) Test: Roll the samples into a thread about 1/8” in
diameter. Fold the thread and reroll it repeatedly until the thread crumbles at a
diameter of 1/8”.

(@) The pressure required to roll the thread when it is near crumbling

(b) Whether it can support its own weight.

(c) Whether it can be molded back into a coherent mass.

(d) Whether it is tough during kneading.
Describe the plasticity and toughness according to the criteria in Tables 5 and 6
in Lab1 handout.

Identify moisture condition (dry, moist, wet, or saturated) using Table 8 in Labl

handout.

Record visual classification of the soil in the following order: color, major

constituent, minor constituent, particle distribution and particle shape (if major

constituent is coarse-grained), plasticity (if major constituent is fine-grained),
moisture content, soil symbol (if major constituent is fine-grained).



North Side Soil N-1

Classified By: YJ & HM Date:8/13/11
Major Soil Minor Soil Moisture Dry Low
celle ular Uellie Conjstituent Constituents condition S:Iraetr;%tcr;/ Fast, shiny surface
Earth, Plasticity Low
Brown | organics, Fine Fine Silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 10% coarse gravel, and low plasticity, rounded, moist
Notes:

North Side Soil N-2

Classified By: YJ & HM Date:8/13/11
Major Soil Minor Soil Moisture bry Low
Celio alar LB Conjstituent Constituents condition S:Iraetr;%tcr;/ Fast, shiny surface
Earth, Plasticity Low
bl?:\:\t(n organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 5% coarse gravel, and low plasticity, rounded, moist

Notes:




North Side Soil N-3

Classified By: YJ & HM Date:8/13/11
Major Soil Minor Soil Moisture Dry Low
Color Odor Texture Conjstituent Constituents condition sltlraetr;?]tcr; Fast, shiny surface
Earth, Plasticity Low
b?:\:\t( N organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 2% coarse gravel, and low plasticity, rounded, moist

North Side Soil N-4

Classified By: YJ & HM Date:8/13/11
. . . . . Dry
Major Soil Minor Soil Moisture None
el Ll LB Conjstituent Constituents condition sltlraetr;%tcr; Fast, shiny surface
Earth, Plasticity Low
BDrS\:\l/(n organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 1% coarse gravel, and low plasticity, rounded, moist

Notes:




South Side Soil S-1

Classified By: YJ & HM Date:8/13/11
. . . . . Dry

Low

Color Odor Texture Major Soil Mlno_r Soil M0|s_tl_,|re Strength

Constituent Constituents condition - -
Dilatancy | Fast, shiny surface

Earth, Plasticity Low
Brown | organics, Fine Fine Silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 5% coarse gravel, and low plasticity, rounded, moist
Notes:

South Side Soil S-2

Classified By: YJ & HM Date:8/13/11
. . . . . Dry

Low

Color Odor Texture Major Soil Mlno_r Soil M0|s_tl_,|re Strength

Constituent Constituents condition - -
Dilatancy | Fast, shiny surface

Dark Earth, Plasticity Low
br(?\:vn organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 10% coarse gravel, and low plasticity, rounded, moist

Notes:
South Side Soil S-3
Classified By: YJ & HM Date:8/13/11
. . . . . Dry
Major Soil Minor Soil Moisture Low
Sl lar LTl Constituent Constituents condition S_trength .
Dilatancy | Fast, shiny surface
K Earth, Plasticity Low
b?g\:vn organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML




Classification: brown, fines with 15% coarse gravel, and low plasticity, rounded, moist

Notes:
South Side Soil S-4
Classified By: YJ & HM Date:8/13/11
. . . . . Dry
None
Color Odor Texture Major Soil Mlno_r Soil M0|s_tl_Jre Strength
Constituent Constituents condition : -
Dilatancy | Fast, shiny surface
K Earth, Plasticity Low
BDrS\:vn organics, Fine Fine silt Coarse gravel Moist Toughness Low
musty Soil Symbol ML

Classification: brown, fines with 20% coarse gravel, and low plasticity, rounded, moist
Notes:
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APPENDIX C: WATER FLOW ANALYSIS
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Table 1: Depth of River in Each Section

Line Depth of Flow (inches)
Segment A B C
1 5.91 9.45 6.69
2 6.69 13.78 8.27
3 6.30 2.76 6.69
4 9.45 12.99 7.09
5 4.92 7.09 4.33
6 10.63 12.20 5.71

Table 2: Travel Time of Bottle in Each Section

Line Travel Time for Segment (seconds)
Segment A B C

1 47.00 47.00 47.00

2 19.00 19.00 19.00

3 44.00 44.00 44.00

4 20.01 20.81 20.28

5 17.80 13.87 33.26

6 20.64 28.34 20.33




Table 3: River width in Each Section

Line River Width
Segment (feet)

43.20

46.30

49.70

50.20

17.20

OO IWIN| -

37.40

Average Velocity = 1.5 ft/s

Average Flow rate = 45ft%/s



APPENDIX D: BRIDGE SITE HYDROLOGY



Reference:

Rodier, J. A., M. Roche, and Reginald W. Herschy. World Catalogue of Maximum Observed
Floods / Répertoire Mondial Des Crues Maximales Observées / Composé [i.e. Revisé] Par Reg
Herschy. Wallingford, Oxfordshire: International Association of Hydrological Sciences, 1984.
Print.

Reasons for Use and Comparison:

Observation Site: David, Chiriqui
e close proximity to Chichica, Comarca: Ngbbe-Biigle
e both sites are in western Panama

Characteristics of the Basin:
e relatively steep slopes, greater than 5%
e similar to our basin

Soil Characteristics:
e Low to average permeability

Land Cover:
e 30-40% dense forest
e 60-70% cultivated land

Calculating Discharge
Referring to page 163 (David, Panama); Table 2: flood characteristics
Maximum Instantaneous Flood Discharge:

e October2™ 1974
e 2980 cms=105,238 cfs

e For abasin area equal to 1200 km?
Discharge, cfs
Basin Area, km?

Maximum Flood Discharge, cfs = * Rough Watershed Area, km?

105,230 c¢fs

500 km? " 5.31 km? = 465.64 cfs



Calculations for Smaller Watershed

Measured Lengths* (colored lines) and Point Elevations (colored stars):
Lpjue = 2.26in, ype = 680m
Lpiack = 1.65in, Ypiacx = 580m
Lgreen = 2.251N, Ygreen = 510m

Lorange = 2.1251in, Yorange = 610 m

*Note: Lengths were measured
with string using provided
scale directly on the computer
screen, not on the printed

nintiira




Equate Lengths (in) to Lengths (ft):

Given: 0.53 in = 2,000 ft

2.26 00/t 8,528.3 ft (L
E3 =
in (053m> ,528.3 ft (Lpiye)

2000 ft

1.65 in * (0 =3 m) =6,226.4 ft (Lpiack)
2000 ft

2.25 in * (0 - m) 8,490.6 ft (Lgyeen)
2000 ft

2.125 in * (0 =T 1) = 8,018.9 ft (Lorange)

Convert Elevation (m) to Elevation (ft):

Known: 1 m = 3.28 ft

28 ft
680 m x ——— = 2,2304 ft (Vprue)
3.28 ft
580 m * =19024 ft (Yblack)
1m
3.28 ft
510 m = Tm = 1,6728 ft (){qreen)
8ft
610 m * f = 2,000-8 ft (YO'range)

Find Slopes:

Assume: Yeenter = 400 m = 1,312 ft

Sl Y = ar
ope, = AX
Ybiue — Ycenter 2:230-4 - 1;312
= = 0.108 = 10.89
Lblue 8528.3 %
Yblack — Ycenter 1,902.4 - 1,312
= = 0.095 = 9.59
Lpiack 6,226.4 %
ygreen — Ycenter _ 1,672.8 — 1,312 — 0.042 = 4.2%
Lyreen 8,490.6
Yorange — Ycenter 2,000.8 —1,312
= = (0.086 = 8.69
8,018.9 %

Lorange



Find Average Slope, Y:

v = 0.108 + 0.095 + 0.042 +

4

Calculate Lag Time, t.:

L LO3(S+1)°7
1,900 * Y05

L=

Use: L = Ly (from previous figure) = 8,528.3 ft**

Assume: Circular watershed

= 0.083 =8.3%

**Note: Lpe = the length from the
channel bottom to the most remote
point on watershed.

5.31 km?
o —13km=42979 ft

T
Calculate S:
1,000 10
~ CN
Given:
Drainage Maximum Unit Peak
Row ID Station Stations Record Areag Land Soil Land Peak Discharge Runoff
ID Length (kmz) Cover Types Cover Discharge (m¥/s/ CN
(m®/s) km2)
7 3 Cuba 22 326 B-C B55-C45 3.5 2160 6.62576687 71.725
A19-
116 03BA003 | Jamaica 36 518 C10- A70-D30 2.54 1790 3.45559846 66.565
D61-E8
Puerto B35-
120 50029000 . 47 518 C25- B75-C25 2.8 5520 10.6563707 75.1
Rico
D25-E15
B35-
Puerto
121 50045010 . 12 448 C25- C100 2.8 5580 12.4553571 81.4
Rico
D25-E15
B35-
Puerto
123 50144000 ) 38 244 C25- C100 2.8 4620 18.9344262 81.4
Rico
D25-E15
6 2 Cuba 23 540 C-D ABO- 2.5 3015 5.58333333 68.275
C25-D15 ’ ’ ’
5 1 Cuba 15 753 B-C B55-C45 35 2760 3.66533865 71.725




Reference:

Runoff Curve Numbers (McCuen 2005)
Land Cover A ‘S(;” "I'y(r:)e| 5 From both reference
A thick forest 32 5g 72 79| tables;Assume: CN=74
B: sparse forest, wooded savannah 44 65 76 82 1,000
C: meadows, savannah with few or no trees 49 69 79 84 =7 —10=35
D: cultivated land 67 78 85 89
E: bare, soil, urban zones 84 90 92 94

Put recently found numbers into lag time equation:

_8,528.3%8 % (3.5 + 1)°7 _4,297.9%8 % (3.5 + 1)°7

¢ = =0.731h t, =
L 1,000 * 8.395 rs L 1,000 * 8.3%5
= 0.422 hrs
Calculate Time of Concentration, t.:
2w, =2%0.731 = 1.21 hrs > 1 hr 12.6 min

2wty =2+ 0422 = 0.703 hrs > 42.2 min

N 003 1961
0 ' r
Find Intensity, i; from IDF curve: 150 ' mL i | | [ t !
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FIGURE 4=4 Rainfall intensity-duration-frequency. (Natonal Westher Service, 1961.)


http://www.utdallas.edu/~brikowi/Teaching/Applied_Modeling/SurfaceWater/LectureNotes/Rainfall/Bibliography.html#McCuen-2004
http://www.utdallas.edu/~brikowi/Teaching/Applied_Modeling/SurfaceWater/LectureNotes/Rainfall/Bibliography.html#McCuen-2004

Calculations for Larger Watershed

Calculate Lag Time, t.:

_LO3(S +1)07
b= 1,900 * Y05

Determine: L

Assume: Circular Watershed

A
L=r= |—
T
Given: A = 1200 km?
1,200 km?
L= |——=195km
T
Convert Length (km) to Length (ft):
3,280.8 ft
19.5 km * ——— = 63,976.4 ft

km
Assume: Y = 6%
Reference:

Rodier, J. A., M. Roche, and Reginald W. Herschy. World Catalogue of Maximum Observed
Floods / Répertoire Mondial Des Crues Maximales Observées / Composé [i.e. Revisé] Par Reg
Herschy. Wallingford, Oxfordshire: International Association of Hydrological Sciences, 1984.
Print.

- Relatively Steep Slopes Y>5%
Assume: CN is the same for both watersheds .. CN =74; S =3.5

_ 63,976.4%8(3.5 + 1)%7

t, = 1900 = 605 = 4.31 hrs

Find Time of Concentration, t:

5 5

Determine intensity, i, from IDF curve (for large watershed):

i=0.65in/hr



Determine: Ratio Multiplier

Find Intensity Ratio:

] 37 in 4.0 in
l . T . T .
Intensity Ratio = ,Smallwate”hm = hr _ 5.69 —hr _ 6.15
llarge watershed 0.65 ﬂ 0.65 ﬂ
hr hr

Find Overall Ratio Multiplier:
Reference:

Asquith, William H. Areal-Reduction Factors for the Precipitation of the
1-Day Design Storm in Texas. U.S. GEOLOGICAL SURVEY, Water-Resources Investigations Report
99-4267.
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Figure 18. Areal-reduction factors for 2-year or greater 1-day design storms for small circular watersheds for Austin, Dallas, and Houston, Texas.

Intensity Ratio * (inverse)Watershed Area Reduction Factor = 5.69 * 17 = 8.13

1
6.15 * == 8.79 . RANGE of ratio multiplier = {8.13 — 8.79}



Calculate: Slope of Channel, S,

gl _AY
ope = AX

9735’ — 965.14'

= = 1)
R 0.0343 = 3.43%

Note: elevations and distances are from on-site topographic map
Estimate: Roughness, n

Use: Float Method Velocity (length versus time)
v=15—
S
Determine: Area, A and Wetted Perimeter, P,, of Cross-Section of River at Bridge Axis
A =By, +SSy,
(12)(1) + (3H(1")? =15 ft?
B, =B+ 2y, 41+ 552
12" +2(1")y1+3%2 =18.32ft

Use: Manning’s Equation

Assume: Cm=1.49; English Units

2/
ft 149/ 15ft?\ '3 1
L5 = (Gesay) 003
Solve for n:
n=0.16

Refer to Table 5.1, page 256 in Water Resources Engineering

Natural Channels, Brush, Irregular: Roughness Range, n = {0.07 — 0.16}

->Choose:n = 0.115



Trial and Error

Bridge Profile: Simplified into Trapezoidal Channel

oo AX
AY

1115 228
34" 7

Equations Needed: Cross-Sectional Area, A and Wetted Perimeter, P,,

A = By, + SSy?

B, = B + 2y,/1 + §S2

Using Manning’s Equation, Determine: Depth of Flow, y,

1.49
Q =

2/ 1,
- *ARO * S,

Assume: Quax rLoop(Low estivate)=465.64 cfs*8.13=3,785.65 cfs
n=0.115
S,=0.0343

Re-arrange Manning’s Equation:

n
AR2/3 = Q 1/
1.49 xS,"2
A3 378565 cfs*0.115 32y, + 3-28y,§)5/3
= =1,577.63 - =1,577.63
P?s 1.49(0.0343": */3
: ( - ) (32 + 2y, * V1 + 3.282)

Assume: QMAX FLOOD(HIGH ESTIMATE)=465'64 CfS*879=4,09298 cfs



n=0.115
S,=0.0343
Re-arrange Manning’s Equation:

n
AR2/3 e Q—l/
1.49 % S,'*
5 5
A3 4,092.98 0.115 32y, + 3.28y2)°/3
= cfs * =1,705.71 ~ (32yn Yn) =1,705.71
Ps 1.49(0.0343%2 %/3
- ( - ) (32 + 2y, * V1 + 3.282)

Solve for y, Using Trial and Error: = {1,578-1,705.71}

va (ft) ARY? va (ft) ARY?
6 812.18 8 1427.65
7 1096.03 8.5 1612.11
7.5  1255.73 8.6  1650.54
8 1427.65 8.7 1689.47
8.1  1463.53 8.71  1693.39
82  1499.92 872  1697.32
83  1536.81 8.73  1701.25
8.4 1574.20 8.74 1705.19
8.41 1577.97 OK 8.741 1705.59 OK

OBSERVED HWL (Yn = 1237 F1)

LATED HyL c¥r

Observed Flood Level = 12.97 ft

Based on the world catalog of maximum observed floods, a high water level was determined for
our watershed. Compared to the observed flood level by the inhabitants of Chichica, the
calculated flood levels are less than the observed value and will be used as lower limits.



APPENDIX E: CABLE CHARACTERISTICS



SYMBOLS

| Bridge Span, distance between tower axes

Cq Camber, vertical distance from the spanning cable anchorage
(top of walkway and tower foundation minus 0.25m)
and the highest point the spanning cable

F,f Sag, vertical distance from tower saddle to the lowest point of the main cable

h Tower height, vertical distance between top of walkway and tower foundation and
saddle cable

orr Diameter of main cables

Os Diameter of spanning cables

0 full load in (tonnes/m)

T Main cable tension at saddle for front stays (all main cables)

Toerr Permissible cable tension

0 Front stay cable inclination at saddle

0o Initial approximation of 6

Bt Backstay cable inclination = front stay cable inclination at saddle for full load

E Modulus of elasticity of cables

D ,Dr Backstay distance for main cables, distance between tower axis and

hinge of the main cable anchorage(front of main cable anchorage for
the design drawing 46/1

L Length of main cables between cables

Ltotal Total main cable length between main cable anchorages

At

ADpR,ADL Increase / Decrease of f, DR, DL, D, L due to changing load

Ap

Ay

p live load (tonnes/m)

Ps Pretension of spanning cables (both spanning cables) expressed as
equally distributed load in (tonnes/m)

n Number of cables

Loverlap Overlap cable length at terminals

Leutofr Cutoff cable length



Indices:

hoisting load
dead load
full load
right bank
left bank

Initial State



ORIGIN = 1
tonnes := 1000kg

Bridge Span
1= 56.69m = 185.991 - ft
Dead Load camber
Cq :=0.031 =1.701-m
Cq = 558-ft

Dead load Sag

fy = 0.121 = 6.803m
fy = 22.319 - ft

Theoretical tower height
htl = fy + Cq + 1.06m = 9.553m
htl =31.344 - ft

Table 45 (Page 171)

Select Standard Tower case #3

Gm = 36mm om = 1417 -in
Main cables: =2
2. Spanning Cables: n=2 Gg = 26mm os = 1.024 -in
3. Tower Height: h := 9.20m hy = 30.184 - ft
Effective dead load sag
4= ht —1.05m - Cg = 6.449m fy = 21.159 - ft

f;
4. 0.114  which is in the range of (0.09,0.137). Checked!
Select gf (Table Pg. 172)
o = 0.618 2
m
Calculate full load cable tension

12 fa 2
Tf = 0gfj-—— [1+17.64-| — | = 40.631 - tonnes
8.414 |

, Which is less than Tpery = 46 tonnes,

We will use n=2, o M=36mm main cables. (Term= 46 tonnes)



Find 6 ¢, to locate the main cable anchorage
fy
4.2T = 0.478

atan(0.478) = 25.548 - deg

0o := 25.548deg

Diameter of Spanning cables (Table 45, Pg 171)

n=2 os = 1.024 - in

Assume Modulus of Elasticity (“apparent” not Young’s Modulus) E=10.5-16 tonnes/mm?2

Assume 11.5based . 4, ;[ones E_1636x10 .2
on sample calcs from mm in
reference text
Back Stay distances of Left and Right Banks (D| /Rr)
DL = 19.7 f =41.213-ft DL = 12562m
tan(efo)
DR = 20.48—— = 42.845 - ft Dg = 13.059m
tan(efo)
Loading
Hoisting load gh
n=2 Sm.= 36mm o5 = 26 - mm
Gh = 0.00038058 2 5 2 _ g.ge5x 10 ° . LOES o = 3314x10 . 10
m - cm m
2. Dead Load gd
tonnes
Oh = 9.865 10—3. tonnes Owalk == 0.088 -
m
tonnes
tonnes = 0.008——
Guire = 0.006 = Shand m

tonnes
Osuspender = 0.017 T

0.00038058 — 2

o n Lg% = 4668x 10

m-cm

9d = Oh + Owalk + Ghand + Gwire + Gsuspender + Gs = 0.129 -

3 tonnes

(Spanning Cables)

t t
onnes o = 0.043.ﬂ
m ft



3. Live load p
o = 0.48 tonnes

m

4. Full load gf

tonnes g = 0.204 - to_n i = 103.864 - E
ft 1.2m ﬁz

Of =04 +p = 0.609 -

Pretensions in spanning cables

tonnes
m

t
Pg == 0.1gg = 0.013- 3 Ion

Ps = 4.318x 10

Full load sag and Hoisting load sag
Ft == 6.797m Fp == 6.265m
Cable inclination at saddles
Fr
4T =0.48

atan(0.48) = 25.641 - dec

Bt = 25.641dec

Cable tension in main cables

2 2
I Fr

T5= Of 8_F - |[1+16- (Tj = 39.888 - tonnes Ts = 43.969 - ton
Ff

Use for selecting main cables, Tf is for both cables

2 F 2
h
Th = oh - - 11+16-| — = 0.692 - tonnes
8- Fp I
Th = 0.762 - ton

Displacement of Saddles
Hosting load

A DR = —0.035m

ApL = —0.032m



2. Full load
MAMDARA:: 0.032m
A DL, = 0.031m

Cable Length (Excluding overlapping length at terminals)

Cable Length (Including overlapping length at terminals)
Loverlap = 1.75m

(Page 50, Krahenbuhl & Wagner) with diameter 36mm, 7 Bulldog Grips,
Gap 210mm

Leutoff == Ltotal + 2 - Loverlap = 90.506 m

Leutoff = 296.936 - ft



APPENDIX F: TOWER DESIGN CALCULATIONS



SYMBOLS

F,f

Ot0

Bt

D.,Dr

A
Gt

C_ratio

Bridge Span, distance between tower axes
Camber

Sag, vertical distance from tower saddle to the lowest point of the main cable

Tower height, vertical distance between top of walkway and tower
foundation and saddle cable

Diameter of main cables

Diameter of spanning cables

Horizontal displacement of the bridge center under wind load
Maximum tension in spanning cables

Horizontal component of the spanning cable tension in the direction of
bridge axis

Front stay cable inclination at saddle

Initial approximation of 0¢

Backstay cable inclination = front stay cable inclination at saddle for full load

Modulus of elasticity of cables

Backstay distance for main cables, distance between tower axis and
hinge of the main cable anchorage(front of main cable anchorage for
the design drawing 46/1

Length of main cables between saddles

Length of spanning cables between tower axes

Increase / Decrease of f, DR, DL, D, L due to changing load

Pretension of spanning cables (both spanning cables) expressed as
equally distributed load in (tonnes/m)

Number of cables

Total Cross-Sectional Area of cables
Dead weight of tower

Center distance of tower legs



o Inclination angle of the plane of the spanning cables under wind load in
relation to the vertical

1 Inclination angle of the plane of the main cables under wind load in
relation to the vertical
H Horizontal component of the main cable tension (all main cables)
Hu Horizontal load on top of towers
V Vertical load on top of towers
P1 Vertical reaction at tower base, tower leg 1
P2 Vertical reaction at tower base, tower leg 2
PH Horizontal reaction at tower base
Ts Maximum tension in spanning cables
Ty Horizontal Component of the spanning cable tension in the
direction of the bridge axis
Ty Vertical component of the spanning cable tension
Tps Pretension in sideway cables
Loverlap Overlap cable length at terminals
Leutoff Cutoff cable length
k Integral factor for average tension along cable
PM1 Load on main cables under wind
PS1 Load on spanning cables under wind
Indices
h hoisting load
d dead load
f full load
R right bank
L left bank

i,f5,0 Initial State



Tower Calculation

Initial Layout data

ORIGIN = 1 tonnes := 1000kg
1= 56.69m ht .= 9.20m
c_ratio := 3.50m om = 36mm
n:=2 og = 26mm
tonnes
E:= 15— A = 537.23mm>
mm Ay
Calculate total section Area
2

Am = 2A = 1.074 x 103 -mm

A =2 280.22mm2 = 560.44 - mm2

Calculate initial cable lengths:

Load case A----- Dead load (Full load)

Calculate initial cable lengths:

tonnes
w:= 0.1

2
8( Co
Lso = | 1+§ T = 56.826m

Pretension in spanning cables

P, = 0.1-gy = 0.013 . 2MeS

tonnes

0.0075
W= W- (0.232+ —htj =003 ——
m m

tonnes
fg == 6.45m gg = 0.129——
f
Ff = 6.797m oF = 0.609 =
Cq = 1.7m B == 25.641deg

(Main cables)

(Spanning Cables)



Calculate the displacement x and sag f (Loading cases iteration)

Step O:
x:= 0.015] = 0.85m
f1:= 1.002f, = 6.463m

Step 1:

X

— =011
f1+1.30m

y1 := asin(0.11)

v1 = 6.315 - deg

X

0.25m + hy —cos(y)(fr+ Lam)

a1 = atan(0.49)
o1 = 26.105 - deg

= 1.933m

sin(ocl)

Step 2:

8 (f1 2 32 (f1 4
LM =1 11+—=-|— _—. | — = 58.594m
1 3 I 5 |
2
8 (C1
Lg, =1-{1+—=-|—| | =56.866m
1 3 |

ky == 1.04
I—M - Lmo
tonnes
PMm. == 8f1E- Am- ————— + gq + Ps = 0.166 -
1 2
kl . Lrnol
ky == 1.003
LS - Lso
tonnes
Ps, = 8C1E - Ag L P, =0035-

k2 . Lsol



o — 6.462m

Step 3:
PM1 . cos(y 1) - Psl . cos(ocl)

newf = fo + (f1 - ) -

W1

PMlsin(y 1) + Pslsin(al) = 0.766m

NEwWX = X-

‘nevvfl —f1 = -4.694 x 10_4m this is less than 0.002.

So we will use the sag=6.462m

n
DispalcementA := (x+—2ewx) = 0.808m

Calculate the final data for load case A
1. Dead Weight of single tower

tonnes | 2

hi~ = 1.246 - tonnes G, = 1374 - ton

2. Vertical Load on top of the towers ( V/2 for each tower)

Y= Py - -cos(y1) '[“ a 4newfy - cos(y 1)

Gt := 0.4tonnes + 0.01
m

j = 9.622 - tonnes

3. Horizontal load on top of the towers
I
Ho = P, - = sin(y 1) = 0.517 - tonnes Hy = 0.57 - ton
4, Reactions at the tower base

(Loads on walkway and tower foundation)

= 3.329 - tonnes

V G Hy-h  1.025-wi-h?
A _
2 2 c_ratio c_ratio

v G Hw - ht 1.025-w1~ht2
Py= || —+— |+ — | + - = 7.54 - tonnes
C_ratio C_ratio

Ps -

Py == Hy+ 2.05wq - by + -sin(al) = 1.515 - tonnes

Ps, -1
Tsy = ; ~cos(a1) = 0.879 - tonnes

Psl . |2
Tsh = = 7.175 - tonnes

8C,

V = 10.607 - ton

P1 = 3.669 - ton

P> = 8.311 - ton

Py = 1.67 - ton

TSV = 0.968 . tOI']

Tsh = 7.909 - ton



5. Maximum tension in spanning cables (both cables):

2
psl.| Cy 2
Ts = - |1+16-| — | = 7.241 - tonnes
8Cq |

Ts = 7.982 - ton

Capacity Check for load case A

V = 9.622 - tonnes

Pg194, Krahenbuhl & Wagner.
Hw = 0.517 - tonnes O.K. Checked!

h =9.2m

Calculate initial cable lengths:

Load case B----- Dead load (W/3+Full load)

Calculate initial cable lengths:

o= Fr W= 00332008 Ct = hy — 1.05m — Fy = 1.353m
Co= Ct
2 4
L= | .{1 ¥ g(fToj _3—52 . (fToj } = 58.788m (Main cables)
{ 8( Co 2} (Spanning Cables)
Lsp= 11 1+ E(Tj = 56.776m

Pretension in spanning cables

Ps.— 0. tonnes
m
0.0075 3t
W= w (0.232+ th - 9.033x 10 > 2MES
m



Calculate the displacement x and sag f

Step O:
X = 0.0025] = 0.142m
f1:=1.002f, = 6.811m
Step 1:
— X _ 0017
f1+ 1.30m
.= asin(0.017)
5 X
" 0.25m+ hy —cos(y1)(f1 + 1.3m)
Q,:= atan(0.106)
Cq = X = 1.345m
ek sm(ocl) -
Step 2:

8 f12 32
LM1:=|- 1+§[Tj —?-

(Loading cases iteration)

= 0.106

4
j = 58.796m

2
8 (C1
le =1- 1+§- T =56.775m

Lm, — Lmo
tonnes
PM :8f1EAm +gf+P5:0.65'
1 2
Ls, — Lso
tonnes
P, = 8C1E- A - ! +Pg = 0.012-
m

kz . Lsol



Step 3:

Of
PM1 . cos(y 1) - Psl . cos(ocl)

newfq = fo + (f1 - %) - = 6.81m

Wi

PMlsin(y 1) + Pslsin(otl)

ewx = X- =0.114m

’newfl —f1 = -6.003 x 10_4m this is less than 0.002.

So we will use the sag=6.81m

(X+ newx)

DisplacementB := = 0.128m

Calculate the final data for load case B

1.

Dead Weight of single tower

tonnes
htz = 1.246 - tonnes

m Gt = 1.374 - ton
Vertical Load on top of the towers ( V/2 for each tower)

tan(Bf)
4newfq - cos(y 1)

Gt := 0.4tonnes + 0.01

|
Y= Pw, - s cos(y 1) : (1 +1- j = 36.807 - tonnes

\VV = 40.572 - ton Vertical load worst case control

Horizontal load on top of the tower
I
Hy, = PM1 . E . sm(y 1) = 0.313 - tonnes

Reactions at the tower base
(Loads on walkway and tower foundation)

2
vV Gt Hy-h 1.025-ws-h
Py = — 4 _ W : = 17.957 - tonnes
2 2 c_ratio C_ratio

2

v G Hy - bt 1.025 - wyq - hy

I | A P : = 20.096 - tonnes
2 2 C_ratio C_ratio

Ps. -

Ph.= Hw + 2.05w; - hy + -sin(oy) = 0538 - tonnes

P51-|

Jsva= g cos(al) = 0.352 - tonnes

Jshai= = 3.733 - tonnes

1



5. Maximum tension in spanning cables (both cables):

psl. |2 o 2
Ts = - [1+16-| — | = 3.749 - tonnes
8Cq |

Capacity Check for load case B

V= 36.807 - tonnes Pg 194 Krahenbuhl & Wagner

Hy, = 0.313 - tonnes O.K. Checked!
h =9.2m



APPENDIX G: FOUNDATION AND WALKWAY DESIGN CALCULATIONS



SYMBOLS

Y1,72

Aah
Ean

Ry
Mx, My

Open dimensions of foundation

Loads on foundation from tower calculation for loading case A
and B

Partial weights of foundation block

Height of inclination of backfilling soil measured either from
the foundation base or from the rock face

Height of inclination of ground surface in front of foundation,
measured either from the foundation base or from the rock face

Height of the rock face at the back (hra) or the front (hrp) of the foundation,
measured from foundation base

Distance of the ground water level from the foundation base
Unit weight of moist soil. y 1: subsoil , y 2: backfilling

Angle of internal friction of soil

Unit weight of concrete / masonry

Unit weight of water

Uplift due to ground water

Angle of wall friction

Active horizontal earth pressure coefficient

Active horizontal earth pressure

Active vertical earth pressure
Vertical component of R

Sum of static moments of all acting forces in the
center of the foundation base



Fsi
Sq s SY

e

Fec

Eccentricity of resultant loading force
at the foundation base

Distance of the resultant loading force from
the edge of the foundation base

Inclination of R towards vertical

Factor for the calculation of Smay

Safety factor against sliding

Shape correcting coefficients
Topographical correcting coefficient
Ground bearing - capacity coefficients
Shear resistance of ground

Safety factor against shear failure of ground



ORIGIN, := 1

tonnes := 1000kg

Walkway and Tower foundation

North Bank:

Loads

Loading cases:

Type of foundation

Dimensions

From topographic survey

Soil data

A
Pal = 3.329tonnes
P&12 = 7.54tonnes
PH.a == 1.515tonnes
Tagy = 0.879tonnes
Tagp = 7.175tonnes

Without foot
in soil (rectangular)

B, = 14ft = 4.267m
Ly := 18.5ft = 5.639m
Hy := 13ft = 3.962m

hag = 13ft = 3.962m
hpa == 6.6ft = 2.012m

P, = 23deg
€5 = —9dec
h\N_a = 193ft
D = 30deg

tonnes

B
Pb1 = 17.957tonnes
sz := 20.096tonnes

Py := 0.538tonnes
Thgy := 0.352tonnes
Thgh = 3.733tonnes

Without foot
in soil (rectangular)

Bp := 14ft
L, := 18.5ft
Hp = 13ft
hay = hag
hpp = hpa
Pb = Pa
gp = €,
hwp = hwa

ygi= 75'—b3 _ 0,034 . omnes

ft ft




Loading Cases A:
Weight
wal =By Ha Ly -vc = 209.754 - tonnes
Uplift

Wy, = Bs - hwala:yw = 14.155 - tonnes

Earth Pressure, tonnes

—back
2
=39
(cos(@))’
Aah = 5 = 0425
(sin(@ + 8))sin(® — ¢a)
+
cos(d) COS((pa)
2
-(hag ) L,
Eun = xahw — 22.598 - tonnes

1 2

By, = Eahltan(é) = 8.225 - tonnes

—front
(cos(@)°
Aah = 5 = 0.253
. (sin(® + 3))sin( @ — &,)
+
cos(d) - cos(sa)
2
(hpa)
Eah2 = Aah -Lg-y2 = 3.472 - tonnes
Ea\,2 = Eah2 -tan(8) = 1.264 - tonnes

Calculate resultant loading force

tonnes

tonnes Ib =
vo = 22— = 137342 — Yw=1

m ft

= 62.428 - b



Forces
--Vertical forces

Ry = Wa, =Wy, + Eav1 + Ea\,2 + Pal + Pal2 — Tagy = 215.078 - tonnes

Left arm m in the direction of

3.5m
ha, 290
?a = 1.321m Yo, =

=1.75m

Xgah 1 E

B .
Xeav, = 7"’ = 2.134m Yp, = Yp, = 175m

h — —

XE.ah2 :

B 13

Hy — 0.25m = 3.712m

XTash :
Moment Mx & My

MX = XEahl . Eahl + XEah2 . Eah2 + XE‘avl . Eavl + )(Elav2 . Eavz + Tash . XTalsh = 79058 . tOﬂneS -m

My = Pal . Yp1+ Paz : Yp2+ PH.a - Yph = 25.024 - tonnes - m

Results:
PHa = 1.515 - tonnes

Eah1 + Eah2 + Tagp = 33.246 - tonnes

Ry = 215.078 - tonnes
My = 79.058 - tonnes - m
My = 25.024 - tonnes - m

Check:
MX Ba
ey = — = 0.368m < — =0.711m o.k.
¥ 6
My La
ey = — = 0.116m < — =0.94m o.k.
Vv
Ba La
u=— —|e =1.766m vi=——|ey] =2703m
2 2



\/(Eahl+ Eah2+ Tash)z"" PH.a2

tandr = = 0.155
Ry

SR := atan(0.155) = 8.811 - deg

3. Safety against Sliding
Lo = 2D 5ag
tandr

4. Maximum ground bearing pressure

2 0414 Y 0.479

Ba a

Z:=13
From Table 61,(pg. 211, Krahenbuhl & Wagner)
R t
Sax = Z- ——— = 14.643 . —1>
4 m

5. Safety factor against shear failure of ground

tonnes
q:= (hpa —hw.a) Y1+ hwa- (Yl_Yw) =199
m
6 Ba
Sq = 1+]0.2+ (tan(D)) T = 1228
a
From 6.42 table 21, Krahenbuhl &
Wagner
B,
S, == 1-0502+ (tan(®))’] L—"" 091
a
Oe = (1 - 0.5tan(—sa))5 = 0.662 From 6.42 table 22, Krahenbuhl &
Wagner
@ = 30 - deg SR = 8.811 - dec
N, = 115 Ng = 135 From 6.42 table 23 a =0, Krahenbuhl &
Wagner
By = 2u = 3.532m Ly := 2v = 5.406m
By
Qv = Ba'-(La-) iy -(yl—yw) “Ny - Sy +q-Ng-Sq|-g; =482.72 - tonnes

Fagc = % = 2.244 Checked!

V

6. Reinforcement

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT



Loading Cases B:

Weight
wb1 = Bp-Hp-Lp-yc = 209.754 - tonnes
Uplift

Wy, = Bp - hwp Lp - yw = 14.155 - tonnes

Earth Pressure, tonnes

—back
2
=32

(cos(®))”

Aabo = 5 = 0425
. (sin(® + 8))sin( D@ — @p)
+
cos(9d) - COS((pb)
2
-\ hay) Ly
Eon, = xahw — 22,598 - tonnes
Eb"l = Ebhltan(éS) = 8.225 - tonnes
—front
(cos(®))°
Aph = 7 = 0.253
. (sin(® + 8))sin(® — &)
+
cos(d) - cos(ab)
2
(hep)
Ebhz = Aph > -Lp -y = 3.472 - tonnes

Epyv, = Ebhz-tan(éS) = 1.264 - tonnes



Forces
--Vertical forces

By= Wh, — Wy, + Eb"l + EbV2 + Pbl + sz — They = 242.789 - tonnes

Left moment arm in the direction perpendicular to bridge axis

3.5m
ha, _35m _
Xgbh, = = _1391m Yp, ! 5 1.75m
1 3
B Yp, = Yp =175m
XE.bv1 = = 2.134m ) L

h L
Xeph, = i) = 0671m Yoh= Hp = 3.962m
2 3

o]

)
2
Xtbsh = Hp —0.25m = 3.712m

Xeby, = —- = 2.134m

Moment Mx & My
M= XE.bhl . Ebhl + XE.bh2 . Ebh2 + XE.bvl . Ebvl + XE.bv2 . Ebv2 + Thgh - XThsh = 66.28 - tonnes - m

My, = Pbl . Yp1+ sz . Yp2+ PHp - Yph = 68.725 - tonnes - m
Results:
Pyp = 0.538 - tonnes

Ebh1+ Ebh2+ Thsy, = 29.804 - tonnes

Ry = 242.789 - tonnes
My = 66.28 - tonnes - m
My = 68.725 - tonnes - m

Check:
X By
8= — =0.273m < — =0711m o.k.
Ry 6
My Lp
Sy= — =0.283m < ? =0.94m o.k.
Vv
By Ly
U= — - |e =1.861m V= — — |ey| =2536m
75 2 7 2



\/(Ebhl‘*‘ Ebh2+ Tbsh>2+ PH.b2

fandg, = = 0.123
Ry
OR, = atan(0.123) = 7.012 - deg
3. Safety against Sliding
bsl == tan () = 4.703
NoR
4. Maximum ground bearing pressure
2L _ 0436 Y _o04s
B Ly
From Table 61,pg 211, Krahenbuhl & Z,=132
Wagner
Smas=Z- _ 16.97g . fonnes
4u-v 2
m
5. Safety factor against shear failure of ground
tonnes
= (hpo —hw.b) Y1+ hwp - (Yl—Yw) =1.99-
m
6 Bo
Sq= 1+0.2+ (tan(D)) L_b =1.228
From 6.42 table 21, Krahenbuhl &
&1 By Wagner
Sy=1- 0.5[0.2 + (tan(®)) J T 0.91
b
Ge = (1 - O.Stan(—sb))5 = 0.662 From 6.42 table 22, Krahenbuhl &
Wagner
@ = 30 - deg SR = 7.012 - deg
N\( =125 Na =14 From 6.42 table 23 a =0, Krahenbuhl &
Wagner
By == 2u = 3.721m Ly == 2v = 5.073m

B
Qu= Bo - (L) [Tb (y1-vw) "Ny S, +q-Ng- Sq} - ge = 501.913 - tonnes

Fbec = % = 2.067 Checked!

V
6. Reinforcement

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT



Check List of Results (North bank):

Loading Cases : A B

Safety Factor against sliding Fasi = 3.731 Fosi = 4.703

(>1.5)

Safety factor against shear Fapc = 2.244 Fpec = 2.067

failure of soil
(>2.0)
Eccentricity of resultant force
Rv

Ba Ba By b
— =1766m > — =1422m — =1861lm > — =1422m
2 3 2 3
Ly Ly L
= - 2.703m > E =1.88m .l =2536m > - =1.88m
2 3 2 3



ORIGIN, = 1 tonnes := 1000kg

Walkway and Tower foundation
South Bank:

Loads

Loading cases: A
Pal = 3.329tonnes

Paz = 7.54tonnes

PH.a = 1.515tonnes
Tagy = 0.879tonnes
Tagp = 7.175tonnes

Type of foundation

Without foot
in soil (rectangular)

Dimensions
By = 14ft = 4.267m
L, := 18.5ft = 5.639m
Ha == 13ft = 3.962m

From topographic survey
hag = 12.19ft = 3.716m

hpa == 8.0ft = 2.438m

@, = 16deg

€q = —17deg

hwa = 1.93ft

Soil data
D = 30deg
|
y1= 802 _ 1281 00CS
3 3

ft m

Calculate resultant loading force

t Ib
yo= 22008 _ 437340 2
3
m ft
t Ib
rw= 12 _ 62428 =

m ft

B

Pbl = 17.957tonnes

Pp. := 20.096tonnes
2

Ph.p = 0.538tonnes
Thgy = 0.352tonnes
Thbgp = 3.733tonnes

Without foot
in soil (rectangular)

Bp = 14ft

Ly = 18.5ft

Hp := 13ft
hap = ha,
hpp = hp,
Pb = Pa
€p = €3
hwp = hwa

Ib t
Vo= 15— = 0.034 . 28

ft ft



Loading Cases A:
Weight
wal =By -Ha Ly -vc = 209.754 - tonnes
Uplift

Wy, = Bs - hwala:yw = 14.155 - tonnes

Earth Pressure, tonnes

—back
2
= S0
'év 3
(cos(®))”
Aah = 5 = 0.35
. (sin(® + 3))sin(® — @5)
+
cos(d) cos((pa)
2
-(hag ) L,
Ean. = Aah [Yz (heo) a} — 16.613 - tonnes

Eav, = Eahltan(é) = 6.046 - tonnes

—front
cos(d 2
A= (cos(®)) - 0.234
[ /(sin(@ T 3))sin(@ — 83)}
1+
cos(d) - cos(sa)
2
h
Ean, = ah (hvz) Ly-yp = 4716 - tonnes

Eq = Eahz-tan(S) = 1.717 - tonnes



Forces
--Vertical forces

Ry = Wa, =Wy, + Eavl + Ea\,2 + Pal + PE12 — Tagy = 213.353 - tonnes

Left moment arm in the direction perpendicular to the bridge axis

2

3.5m
ha, _ 35m _
Xgah, = —; =1.239m Yp, ==, =175m
B Yy = Yy =175m
Xeav, = — = 2.134m P, Py
172
h o
Xeah, = —Za =0.813m Yph == Ha = 3.962m

o8]

8 _ 2134m

XE.av2 = ?
Moment Mx & My

MX = XEahl . Eahl + )(Eah2 . Eah2 + XE.avl . Eavl + )(E_av2 . Eav2 + Tash . XTalsh = 67.608 - tonnes - m

My = Pal . Yp1+ P612 . Yp2+ PHa - Yph = 25.024 - tonnes - m

Results:
PHa = 1.515 - tonnes

Eah1 + Eah2 + Tagp = 28.504 - tonnes

Ry = 213.353 - tonnes
My = 67.608 - tonnes - m
My = 25.024 - tonnes - m

Check:

Mx Ba

ey:= — = 0.317m < — =0.711m o.k.
Ry 6
My La

ey = — = 0.117m < — = 0.94m o.k.
Ry 6
Ba La

u=— —|e =1.817m vi=— - |ey] =2702m
2 2



\/(Eahl+ Eah2+ Tash)2+ PH.a2

Ry

tandr = =0.134

SR := atan(0.134) = 7.632 - deg

3. Safety against Sliding

tan(®)
tandr

= 4.315

asl ==

4. Maximum ground bearing pressure

20426 Y~ 04719
Ba La

From Table 61,pg 211, Krahenbuhl & Wagner. 7 := 1.29

= 14.016 - —tonnzes

m

Omax = Z -
fmax 4u - v

5. Safety factor against shear failure of ground

tonnes
d = (hpa —hwa) 71+ hwa - (v1-7vw) = 2536
m
6 Ba
Sq:=1+|02+ (tan(®)) -—| = 1.228
La
From 6.42 table 21, Krahenbuhl
& Wagner
[ .2 g
Sy == 1-0.50.2+ (tan(P)) T 0.91
a
O = (1 - O.5tan(—sa))5 = 0.436 From 6.42 table 22, Krahenbuhl
& Wagner
@ = 30 - deg SR = 7.632 - deg
N, = 12 Ng = 14.2 From 6.42 table 23 a =0, Krahenbuhl
& Wagner
By := 2u = 3.633m Ly = 2V = 5.404m
Ba'
Qv = By (La) .{? (y1-vw) "Ny S, +g-Ng- sq} - ge = 426.769 - tonnes
Pz = =7 Checked!
Ry

6. Reinforcement

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT



Loading Cases B:

Weight
wb1 = Bp-Hp-Lp-yc = 209.754 - tonnes
Uplift

Wy, = Bp - hwp Lp - yw = 14.155 - tonnes

Earth Pressure, tonnes

—back
2
=32
(cos(@))’
Aah = 5 = 0.355
. (sin(@ + 8))sin( @ — @p)
+
cos(9) - cos((pb)
2
-\ hay) Ly
Eon, = xahw — 16.613 - tonnes
Eb\,1 = Ebhltan(S) = 6.046 - tonnes
—front
(cos(®))”
Aph = = 0.234
. (sin(® + 8))sin(® — &)
+
cos(8) - cos(sb)
2
(hpo)
Ebh2 = Aph > Ly -y2 = 4.716 - tonnes

EbV2 = Ebh2 -tan(8) = 1.717 - tonnes



Forces
--Vertical forces

By= Wh, — Wy, + Eb"l + EbV2 + Pbl + sz — Thgy = 241.064 - tonnes

Left moment arm the direction perpendicular to the bridge axis

3.5m
hab _ 35m
Xeph, = —= = 1.239m Yp, 5 1.75m
3
By _ _
Xepy, = —- = 2134m Yp, = Yp, = L.75m

h o
Xebh, = 2 _ 0.813m Yok = Hp = 3.962m
2 3

o]

)
2
Xtbsh = Hp —0.25m = 3.712m

Xeby, = —- = 2.134m

Moment Mx & My
M= XE.bhl . Ebhl + XE.bh2 . Ebh2 + XE.bvl . Ebvl + XE.bv2 . Ebv2 + Thgh - XThsh = 54.83 - tonnes - m

My, = Pbl . Yp1+ sz . Yp2+ PHp - Yph = 68.725 - tonnes - m
Results:
Pyp = 0.538 - tonnes

Ebh1+ Ebh2+ Thsy = 25.062 - tonnes

Ry = 241.064 - tonnes
My = 54.83 - tonnes - m
My = 68.725 - tonnes - m

Check:
X By
8= — =0227m < — =0711m o.k.
Ry 6
My Lp
By= — =0.285m < ? =0.94m o.k.
Vv
By Ly
U= — — |& =1.906m V= — — |ey| =2534m
75 2 7 2



\/ Ebh1+ Ebh2+ Tbsh>2+ PH.b2

Ry

=0.104

fandg, =
OR,:= atan(0.104) = 5.937 - deg

3. Safety against Sliding

_ tan(D)
b.sl =

= 5.552
tanor

4. Maximum ground bearing pressure

2 0447 Y 0449

B Lp

From Table 61,pg 211, Krahenbuhl & Wagner 7 := 1.30
Smas=Z- _ 16218 . fonnes

4u-v 2
m
5. Safety factor against shear failure of ground
tonnes
&= ("o —Mwb) -y 1+hwp - (y1-vw) = 2536
m

6 Bb
Sg,= 14|02+ (tan(®)) o = 1.228

Bp

S,= 1-0502+ (tan(®)) = =091
b

= (1-05tan(—ep))° = 0.436

@ = 30 - deg

N\( =135

By = 2u = 3.812m

ORr = 5.937 - dec

NEI =15

Ly = 2v = 5.069m

From 6.42 table 21, Krahenbuhl &
Wagner

From 6.42 table 22, Krahenbuhl &
Wagner

From 6.42 table 23 a =0, Krahenbuhl &
Wagner

By
Que= Bo - (L) '[T (y1-vw) "Ny S, +9-Ng- sq} - Qe = 449.473 - tonnes

Q
Fopc = — = 1.865
Rv

6. Reinforcement

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT



Check List of Results (South bank):

Loading Cases : A
Safety Factor against sliding Fast = 4315
(>1.5)
Safety factor against shear Fapc = 2
failure of ground
(>2.0)

Eccentricity of resultant force
Rv

Ba' a
— =1.817m > ? =1.422m

La‘
— =2.702m > ? = 1.88m

Fpsl = 5.552

Fp.ac = 1.865

By
— =1.906m
2

N | &

= 2.534m

>

>

Bp
— =1422m

L
= _188m
3



SYMBOLS

LL

Liquid Limit

Compression index

void ratio

Coefficient if consolidation
Unit weight of Concrete
Unit weight of Saoill
Volume of the foundation

Vertical load excluding of foundation block acting
on the bottom of the foundation block

Total Load corresponding to soil self-weight
Total load of Tower plus foundation

Total settlement

Constants of formula for time rate of settlement

time rate of settlement of 50% and 90% of total settlement



Foundation Settlement

ORIGIN = 1
tonnes := 1000kg year := 365day
Initial Data
LL == 28 (Silty Clay) Cc := 0.009(LL — 10) = 0.162
. . 2
& = 0.75 (Loose silty clay soil Cy = 0.03:— (Assumed for Silty Clay)
ay
Ib .
Vo= 150—3 H. = 13ft (worst scenario)
ft
Io Hgr = H (Singlely drained layer)
¥ soil = 75;

2
Vpjock = 14ft-18.5ft-13ft = 3.367 10%.4°

Piower = 20.096tonnes = 4.43 x 104-Ib

(Use Wind/3 +Full load ( Load case B) of Tower calculations.--worst scenario)

Ib
PI = ’YSO“'H = 975—2
ft
P. +7v -V lock I
pe = ( tower ™ ¥V ¢" Vbloc ) 2 121x 10301
141t -18.5ft ﬂZ
Total Settlement
Cc I:)f
AH = H-: log| — | = 0.406-ft (Total settelment)
1+ ei i
Time rate of settlement
50% of total settlement 90% of total settlement
Tgo = 0.197 (Table 1.2 of GE handout) Tgg = 0.848
2 2

Hyr Har
t50 = TSOC_ = 3.04~year tgo = TgOC— = 13088year
Y \'



Walkway Timber Checks ( NDS-05 Code, LRFD)
ORIGIN, = 1
Member Information:
Wood Loads:
MC: Moisture content in %
G: Specific Gravity as to NDS (Assuming Southern Pin)

Dwoog:  Density of Wood in pcf

b
G =055 PL = 100—2

MC = 25 ft

Duood = 624 G (1 + ﬁj = 38.176
1+ G-(0.009)(MC) 100

D b
wood Ib
Puwood, = 12— = 45.811—
ft ft
. . Ib
L|ve|oad = 1.6'PL = 160?

PLANKING CALCULATIONS: Using 2x6 Boards

b := 5.5in d := 1.5in
DecKyyigth = 3-9368ft = 1.2m

L, := 2.3662ft = 0.721m

p
2
Ap = b-d = 0.057-ft
_ . _ b The distributed weight acting on the planking
Wp = DwoodAp * LVeload Deckyjigtn = 632.513- & is 632.5 lbs/ft, which acts on a single plank.
WLy’
Mp = ——— = 442.672-b-ft
8
Deck,yi ~d3
| W 38700
12
d |
C:=— S, = —
M2 P™ ¢

M |
f = —P _ 299,850

p in



Design Values: (NDS-S Table 4B (2"-4" thick/ 5"-6" wide): No.1)

| | |
Foo= 16502 F = 1752 E = 17000002
b 2 v 2 2

n n n

Adjustment Factors
(NDS Table 4.3.1)

Beam stability Factor, CL
CL=10 < NDS 3.3.3.1

Repetitive Member Factor, Cr
C =115 NDS-S Table 4B

Size Factor, CF
CF = 1.0 NDS-S Table 4B

Wet Service Factor, Cm (since Moisture content is assumed greater than 19%)

Fp-Cgp = 1.65x 103~% > 1150 psi

n
Cpy = 0.85 NDS-S Table 4B

Resistance Factor

bp = 085 o, = 0.75 NDS,Appendix-Table N2

Format Conversion Factors, K.F_fb
2.16 2.16 .
KE Fb = ¢_b KE Fv = ¢_ NDS,Appendix-Table N1
v

Time effect factor, A
A :=038 NDS,Appendix-Table N3

Temperature Factor

Ci=10 NDS Table 2.3.3 (Assume T<100 F)

Incising factor Ci

Cj=10 NDS 4.3.8



Bending Check:

Fb = A-Kg gy 0 FpCy-C-CrCr

| |
Fb = 27871052 > f = 2008522
2 2

n n

OK in bending

Shear Check:

FV = AKg gy dyFyCpCrCi

Fv = 257.04-£2
in

w ~Lp

Vload = = 748.326-Ib

Notchy gy = %-b =1.375-in (NDS 4.3.3.1: Notch max = 1/4 of the depth)

Notch := 1.0in
Depthyotch = b — Notch = 4.5-in

dy = Depthnotch

2
2 dn
V'r = 5 Fv-d-dy- ? = 774.306-Ib

Vioad = 748.326'b < V'r = 774.306-Ib OK in shear at the notch

Check Deflection

L
Assume A max == —% = 0.079-in
Live -Deck,, i
Unfactored live load : P = load width = 32.807-!—b
1.6 in
5.(P)Lp _ _
A= 384.E1 CUZC T oy = DT OK in Maximum Deflection



APPENDIX H: ANCHORAGE DESIGN CALCULATIONS



Hq,H,,B,L = Dimensions of the structures.

hy .o = Height and inclination of backfilling soil ¢ <D
hp ,€ = Height and inclination of ground surface in front of a structure
hy = Distance of the ground- water level from the anchorage base level at the front

of the structure.

T>Y1-Y2 = Unit weight of moist soil.
y 1 = subsoil Y o = backfilling
D, 0q,D) = Angle of internal friction of sail.
®4 := subsoil ®, := backfilling
. . I
Ye = Unit weight of concrete/ masonry. Vo= 15013
ft
R . Ib
Yw = Unit weight of water. Yw = 62.428—3
ft

SR = Inclination of the resultant force towards vertical.

B . .

5 = Distance of the resultant force towards vertical.

wq,Wy,wg = Partial weights of the anchorage block.

3 = Angle of wall friction. 5 := %(I)

Pw = Water pressure.

Mg = Sum of static moments of the acting forces in point F.

FsL = Safety factor against sliding.

Fec = Safety factor against shear failure of ground.

Ny ,Nq = Ground bearing - capacity coefficients.

5 -5q = Shape correcting coefficients

O¢

= Topographical correcting coefficients



ORIGIN, = 1
North bank

Initial Layout data

Cable tension:

Cable inclination:

Additional load
on the top of block:

Soil Data from survey:

Block dimensions:

Topographical
conditions:

Other data

T = 43.969ton
B = 25.641deg
A=0
0
30de

a:
D

[(a)

w
i

145ft = 4.42m

-
i

16ft

Hl = 10ft
H2 = Aft
b=20

h, = Hy + 1.75ft



Calculation

Volume of Block

Hl + 0.1m + H2 +1.0m

vy = BL =5784x10"L
2
V= b-1.0mL =0
1 3
Vgi= 2:05mL0mL = 1219 10°L
1 3
V4 = =-1.0m-(B - 1.0m)-L = 8.338 x 10°L
2

3.3
N\V(AZZ Vl—Vz—Vs—V4 = 1705>< 10 ft
Bottom inclination:

Hy +0.1m — 1.0m — H,
B

lan(a) =

Hl +0.1m —1.0m — H2
o = atan B

j = 11.868-deg
Dead weight W and moment in point F:

5
W= 7ysV =2558x10"b

Moment :

2:(Hy +0.1m) + (Hp + 1.0m)
(Hy +0.1m) + (Hy + 1.0m)

Wl =

W2 =

N|oT w|m

1
wg = b+ --0.5m
3
2
wy = 1.0m + E-(B —1.0m)

6

Load due to coble tension:

Ty = Tsin(B) = 3.805x 10"

Ty = T-cos(B) = 7.928x 10" b



Active earth pressure:

=031

2
()
Ay = (cos(®)) a
{1 , [Gn(@=8)sin@ - (p):|
cos(d)-cos(¢)
2
(h,)L
Egh = xahw = 274 10%b
E,y = Egntan(d) = 5.757x 10%b

Resultant loading force:

Ry = W+ Egy — Ty = 2235 10b

RH =

Static moment in point F:

5
Ean+ Ty = 1.067x 10° b

hy

MF = MFW+ EaV.B — Tvb — TH(HZ + 02m) - Eah[? - B'tan(a)

R

OR = atan[—HJ = 25.517-deg
R

\

M
. Rv+ RH'tan (OL)

Security against sliding
sin(®) = 0.5
cos(®d) = 0.866
sin(8g - o) = 0.236

cos(8g — at) = 0.972

To
Fo| = — = 2378
SL™ 15

= 12.699-ft

j — 1.561x 10%b 1t

B = 6.349-ft
2
O = L@)) = 0.577
cos(®)
sin(dp — a
T8 = —< R ) =0.243
cos(6R - a)
FgL > req_Fg =1-2.0 Check |



Security against soil failure

b
q = hyyq = 300—
2

s = 1- 0.5.[(0.2 + tan(@)°) ﬂ — 0.909

6B
Sq 1+{0.2~(tan(<1>)) E} =1

g, = (1-05tan(e))’ = 0.574
From table

Nq =8 NY =52



ORIGIN, = 1
South Bank

Initial Layout data

Cable tension: T:= 43.969ton
Cable inclination: B = 25.641deg
Additional load =0
on the top of block: a=20
Soil Data from survey: @ := 30deg
o
y2 = 80—3
ft
Io
ft
Block dimensions: B = 1451
L= 16ft
Hy = 10ft
H2 = 4ft
b:=0
Topographical _
conditions: hy = Hy + 21t
hy =0
¢ = 16deg
&= 16deg
kg
Other data Yw = 1000—3
m
b
Yo = 150—
ft3
2
==
LY 3
hp =H,



Calculation

Volume of Block

Hl + 0.1m + H2 +1.0m

vy = BL =5784x10"L
2
V= b-1.0mL =0
1 3
Vgi= 2:05mL0mL = 1219 10°L
1 3
V4 = =-1.0m-(B - 1.0m)-L = 8.338 x 10°L
2

3.3
N\V(AZZ Vl—Vz—Vs—V4 = 1705>< 10 ft
Bottom inclination:

Hy +0.1m — 1.0m — H,
B

lan(a) =

Hl +0.1m —1.0m — H2
o = atan B

j = 11.868-deg
Dead weight W and moment in point F:

5
W= 7ysV =2558x10"b

Moment :

2:(Hy +0.1m) + (Hp + 1.0m)
(Hy +0.1m) + (Hy + 1.0m)

Wl =

W2 =

N|oT w|m

1
wg = b+ --0.5m
3
2
wy = 1.0m + E-(B —1.0m)

6

Load due to coble tension:

Ty = Tsin(B) = 3.805x 10"

Ty = T-cos(B) = 7.928x 10" b



Active earth pressure:

2
_ (cos(D))
hah = > = 0.355

[1 , [Gn@+&)sin(@ - (p):|
cos(d)-cos(¢)

()]

2

Eah = Mah = 3274x 10"

Eyy = Egptan(5) = 6.881x 10>

Resultant loading force:

5
Ry = W+ E, — Ty = 2.246x 10"

Ry = Egy + Ty = 112x 10”1

Static moment in point F:

h
a 6
M = Mpy + EgqyB = Tyb = Tiyo(Hp + 0.2m) - Eah-(? - B-tan(a)] = 1.57x 10 -l ft
Ry
OR = atan| — | = 26.508-dec
Ry
2M
B
A A PP — =6.328ft
Rv+ RH'tan (OL) 2
Security against sliding
sin(®) = 0.5 .
@ - D) _ 577
cos(®) = 0.866 cos(®)
sin(ESR - cx) = 0.253 sin(gR _ a)
T8 = ——= =0.261
cos(3R - a) = 0.968 cos(3g — )
T®
FgL = = = 221 FgL > req_Fg =2.0 Check |



Security against soil failure

b
q = hyyq = 300—
2

s = 1- 0.5.[(0.2 + tan(@)°) ﬂ — 0.909

6B
Sq 1+{0.2~(tan(<1>)) E} =1

g, = (1-05tan(e))’ = 0.574
From table

Nq =8 NY =52



APPENDIX I: SUSPENDER DESIGN CALCULATIONS



SYMBOLS

Bridge Span, distance between tower axes

Distance from center of main cables to center of spanning cables
for suspender No.i

Sag, vertical distance from tower saddle to the lowest point of the main cable

Tower height, vertical distance between top of walkway and tower foundation and
saddle cable

Running suspender numbers

Total suspender length for suspender No. i

Length of standard piece
length extra piece
Cutting length of standard piece

Cutting length of extra piece
Required number of standard pieces for suspender No.i

Maximum n

Total suspender length numbers

Distance of suspender No.i from the bridge center
Constants in the formula for di

Euler constant

Total weight of suspender rods

Total surface area of suspender rods



Suspenders
ORIGIN =1

tonnes := 1000kg

Initial data
1= 56.69m = 185.991-ft
hy == 9.2m = 30.184ft
fy := 6.449m = 21.158 ft

Center distance of cables

| —4.6m
2.4m

+1 =22.704

Mmax

© 00 ~N oo o1 B~ w N

>
Il
I T S T e S S e N Y N I
N B O © 0o N o 0ol A W N B O

N
w

= 23 i=1.23



c:=— =0.016—
e =2.718
2-C-fd
k = =0.983
%))
e 2 +e -2
L = 30.614m
2c

Xj = (ni - 1)-1.2m

(ec'xi + e_c'xi - 2) + 4.(Xi)2

k
di = - 7 (h —fg —1.05m) + 1.05m

Total suspender length:

Isusj := dj — 0.542m

Number j of standard pieces with standard length Is =1650 mm / Isc =1830mm

. Isusj — 0.35m
ji = trunc| ——
1.65m

l.. == dj —0.542m —j;-1.65m

i

ke, = I, +018m

- kg
wni = ]j-1.625kg + Irci-0.888H

: 2
Sp, = 11-0.089m" + . .0.0877m



Summary:
Total Suspenders numbers:

N=4Npax —2 =90
Total Weight of Suspender rods
Mmax
Wi=4) W, —2Wn = 266.65kg
i=1
Total Surface of suspender rods

Nmax

2
=4 S, —2S, =11.322m
3 21 n ~2Sn,
| =

Suspenders length for each member (i= 1 - 23)

dj = Isusj =
3.445( ft 1.667| -ft
3.492 1.714
3.634 1.856
3.87 2.092
4.202 2.423
4.628 2.849
5.148 3.37
5.764 3.986
6.475 4.697
7.282 5.504
8.184 6.406
9.182 7.404
10.277 8.498
11.468 9.689
12.755 10.977
14.141 12.362
15.623 13.845
17.204 15.426
18.884 17.106
20.663 18.884
22.541 20.763
24.519 22.741
26.598 24.82

W = 587.863:Ib

S = 121.866-ft2

Note:
di is the distance form main cable to the
spanning cable.

Isusi is the suspender length for each i
from 1 to 23.



NOTE: APPENDIX J & K WILL BE ATTACHED SEPARATE FROM MAIN REPORT
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| [ [ 0.11/ 011’
0.68’ : |l || 6Weld|ng 1.44/ 1,44’
| [ I [ o
0.04/ | |1 I I N R
| i . b ‘
1 H H I 0.18’ 0.41"
&P 1
0.39’ 125’ 0.20’ ==
164/
6a |

Main
Cable
Anchorage
Welding
parts

Drawn By: Yingying Jin
Drawing #
6-4

Notes: See
Appendix K
for part
details
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APPENDIX K: SELECTED STEELPARTS LISTS FROM STANDARD DESIGN DRAWINGS



Suspenders

LIST

STEELPART

1 b
SUSPENDER Ll ST pn':{‘ Section tmm} Quaniily Warklng Drawing Lengih Welgn! Sur s:i':nl!'s .n f"’::;"‘ by Remarks
L Dimension _in_mm) |oayPe] lotal wgspe | 'ofal m/pe ton”
F}".'z,;w"n | 232 0.23 13z |13z |o.029 |0.029 Far main eabla s26mm
Suspander fhumbar
| Cuble __cenite  fo_ ceniie _ Oisighca N
S ::;":,:.g., Tanir in .q:‘“‘ _=;=z T l}l:-llaq;Df o | Far warking drowing of clamp for moin  coble ol  each 245 0.25 Liag 1is9 | 0.031 | D.03% For main cobie a32mm
I a i . se# datolls. Far o porlicelor  maoin coble  diometer
F}q'resgouo ' only one af the four cllternalives Is required. 254 o, 25 1.245 | 1,245 | 0.032 | 0.032 Far main cobia @ 3Hmm
Tuspengar  numbar Ll 0 2860 | .26 | 127s | vers | o.o3z | ooas For main cobls @ 90mm
ma 2
Totai  suspsndar  iengih b 3.‘:}’.,..3 ‘IE““;" Seo  suspandor list far of s and thelr  lengihs, waelghts ond  surfoce fo be painted.
i
FTT T T » {’ ‘:\
ole centra conire wlanca efe - w3
= : = t/c = Baimm I Flal 65710 . -G Rt S al™ 2 holes @& 14
CEN (R 1) < £ =110 | i I hote @& (T Hno o.n o.518 | 0.59 | A3 | 0.013
TaEas 21 ) 34 |34 |21
1o
sanire distanea  efE — N —
ngih F=/e = sdamm Weight @l one
Sdr v i80 welded wpit = 0.973kg
d "}“:m; 'z 1 510 0.51 o0.454 | 0.a54 | c.ot9 | c.o1e Port nos.l{a-d} fe
Cabila JRLL) bo  welded ingelher
Wﬂ:"lﬁﬁ;t ae  shown in fobricolion
| Ciitting  Tangin ol —scira_ BT M L) datait,
EU'B."U;' number
“Cabl FB__ 1o _canire disience _c/c
O /5 = 545 mm
nambar d Flat
ate
L1M7 £ ST T A 7 L X T 2 |herrars 2 4 hoes w1 | — — | o423 | 0248 | .00 | 0020
o T g.’:l ST TR
jumber o ondar i 1=
15} | L
N 70 N
Ploie ic be forged oz shown,
C\\ Threod MIG
‘ | i ‘ﬂﬂﬂl’aﬂ“ﬂﬂaﬂﬁﬁl‘” -
Hexnogonbt alt - 5 % axtro pcs.
3 M 6 "f% Los b l r — - oues | oarr Galvenized
is 1363~ l Ael IS 1363-1967
Provide axiro Innqlh M =504 for mein cable @ 26 & p 32mm
ol au e/ E —5:2mm Use stondard length X = 38 , for main caoble # 36 B g 90mm
né::ua:‘nu Fe- rra i 5 % exira pEE.
4 Hezaganal  but 2. ————Thraan  MIG — _ ©0.032 | D.OBY Gualvanized
M I6 IS 12363 Aol IS 13631867
| Guspander _ Aumber
Coble___canire 1o _cenire diclanca _c/c Hexzogonal scrow 2 5 Ve exlic  pew,
—Jorel TEuspendii_lemglh fie/c = sAEmi 5 M 1025 a.2 :Et: — — | o.o2s | ouos | Golvorized
U T TFEEIO0 Is 1363 25 b " Threas MIO Aol IS 1363 - 1967
L 5 % eoxlra pcs.
Hexogonaol nui
[ 4.z Thread MID — — o.008 | 0.034 Gulvanizad
— Mioc IS $363 G:tm—"" Tea Rels IS 1363 -1967
org FE/E _~~ A9 &mm . N 2
e sriTeD Main Cable Diameter | X (kg} | ¥ (m?)
L3
26 mm 2.734 | 0.08i1i
B I TOTAL {I—6) EXCLUDING PART b 32 mm 2.801 0.083
36 mm 2.847| 0.0849
7
S T m E.M" d“-“;m;nz. - ‘U:E mm {Mole « The guontities shown abhove are tor esoch suspender } 40 mm 2- B 7 ? 0 - o B 4
T:@}T?l_lg _n_lgg -IH ol esirc il’!l TE Ay £ IB0
Fiumbar o aion o angth acen
Suspsndar AumBar
- B R
LN L T L1 LS L T [ — R = Tatal Weight of Suspender Rods from Suspender List | . ____ kg
La ih of arira !'5.
ng__langin @l _I_‘ﬁ_ L] L[] [ =]
_wﬁﬁ;a__'%_e_&_;_&ﬁyﬂ_r_z_ﬂ rE o Total ‘Weight of Other Parts = X x N kg Y __ __ka
F | eranD TOTAL kg
w Total Surfoce of Suspender Rods 1o be Paointed from Suspender List I |
Total walght of Suspender rods ‘! _ kg P
i | Total Surface of Other Parts to be Painted = Y x N m2 m2
Totol paint surface of Suspender rods . m2 %: ------ -
2
Total number of Suspendars N : w GRAND TOTAL o TV
{ Suspendar number 1: 2 pieces , oll ociier  Suspender numbars: 4 places]




Tower Base Element

Part Length Weight Surfgce fo be Shee|
Sactlon {mm) Cwoniity| Warking Drawing insle f . " ‘otal “::Inm::” supplied by | Ramarks
s m
o { Dimension _In _mm }_[FHn/P] ot | MR ] G i’ mé
15515
[ V1 ]
a4
BE]
T + Cut off the protion
+ 1 shown halched in the
mT_.¢_ ..¢” .__¢_~ o a4 deawing.
E: LA |
4 T 7 T
15475 : ;
Angle 65 /65 /6 l 15519 | 12.41 | 8.83 | 70.64 | 0.90 | 3.20
751555 e L " L %
e
T
5 Holes g |55mm
13783 thickness = Emm
15255
15275
[ As shown - 4 nas ; Oreposite _hend  — 4 nos
-
Aod ¢ 14mm 4 1461 | 5.8a| .77 | .08 | 0.06 | 0.24
A1a81
"" )
X |m
J |
w |
L g
|_ n| ™
c | Plate 4 - — | 243 | 9386 | o | o.aa
w 270 /200 / & 1 =
- ¥ thickneas = & mm
LA
4 2568
27
|
i
H =]
o | Fate 4 i e - | = | ves | ss0 | ao7 | o.2e
200418757 6 1
: Ihickness = Gmm
il
175°
. 1375
t
]
| i
Plata
€| as0/1085/ 6 4 - = 0.8% | 3.56 | 004 | 0.6
| thickness = Emm
L
(3

Part Leagth Walght Surfoce fc be | Steel
Section  [mm)  |owamiy|  Working Drewing painted supplied by | flemorks
no | Dimansion n mm }  [Sngesee] tarsl | kgspe tg_!iul mispe ) totcl
At —
ote
o - -
flasess0s6 4 ml Michess = & mm .08 | 4a.38 | 0.05 | o.20
T
283
i
Pial ]"—‘r
lale - -
9| ensans8 8 = ihichmest * Gmem 0.3 104 [ 0.0 | DOE
]
R
2
Plate %
- - .70 | 6.80 [ 007 | 0.2
h 240 /180 /8 A T tHckrese = Gmm
[ _L__2a0 L
m
oril @ 5
\ ){_‘- r mm
T /}r
I/ g
+ | Fiate B S
H 2245150010 | 2 | ‘% Ihiekngss *1d mm - = |82 {l0.76] 0.0 | 0.20
. 1an
18
33gd
— ==t /_4!
15 heuvy tube L — ﬂ_ —
i :}-ll- ¢ 483 a '\ 150 | 0.60 | o.66 | 2.64 | 0.05 | 0.20 Part ne 8-t (o=} 1o
= 150 be welded fogether o3
—-— 150 . shown in welding detail
Thraead M Iﬁ\
: B
Friction qrip w /| "l | R
bait - ‘IlI Eﬂl 2 pocs. exlro
B2l u 1630 ae HlLIG | - ~ | oaz | soa |apely oit oaly
15 3757 -B.8 | ET) ) Ref' 15 3757-1972
— 50 " cll
ale
Friction  grig 2 pcs. extra
B-3| ru 42 - — | 0.0AaT [ 1,87 |Apply oll oniy
M 18 19 sE23-3 Ret: 15 G623-1972
~~Ta ke marked -
E G I s 45
g 2 pes. esiro
Wt H
B-4 '.-.'T‘:Yls ssan| 2 L5xd5 - ~ |c.ois | o.ss [Apply el enly
i 1 Ret+ 15 GBAB-1872
- a0 L
TOTAL (B-l to B-4) 131.04 kg 5.28 me
TRANSPORT UNIT
Welght of port B-l = 61.T72 kg



Tower Intermediate Element

LIST

STEELPART

Length Welgth Surface to be
port | Section [mm) [geenity| Working  Drowing ? b Pointad Stael Remark Fort [ cperion Lommd | ouas Woba  Groml Length Weight SW‘D;:I.“I:: be | Biem
ro . Single/pe| Toral - | total o | Terg | GuPRlied by rhs a9 - ugalty . rewing ligd by | Remarks
{ Dimansion  in 1 ka/ps matpz sigla/pe] Yot Total I i ¥
e ron? mm o L] Dimension  in  [mm | mm ) ka/pe kg e [
- -]
4 1720 280 :
1201 — -
54 £949
o 138
4 m a
L _H— = 11‘:
2007 ! y gl
iyt 4 k.
fnglh  G5/65/6 er % On fhe end uf angles .IG_Q}.
16 Angle BO/EO/E 10 holes s 165mm
1850 . . -~
Z=1880 2¢.60 | 10.63 | 170.08| 0.48 | 7.6m the camnat to be groued -4 Z.3a 8 - =5 Iblckness = @ mm 380 | 304 | 3.5 |28.08| 0.12 | 0.98
24 off {for o lengih of 200| o +—+—
-] mm ] as 3 =3
E,LE 1 shown  shiova, EE.L_ E [
Tl o |
168E.
B N 1768 R 214
1826, 274
d l4mm reds 1o ba
—_ 1850 bent oz shown, 2A4
R 1T heles o 18%mm ., thickness = & mm ] a
"
~i
g e e e o S
Hed @ 14 mm k% i
Port noe I=-1 {a,b,c) ~
4 sz2154 8 2164 | 1731 | 2.62 2098 0.10 | 0.80 o be welded iggeibar -5 Flate o I
s shown In welding 180/82/8 Y A hales 8 165me - - 1.07| 8.58( 0.05 | 0.40
P — & i » Gmm
120 ichnese * B
I
380
ofHs o 13 e | — T
f = 2538 8 2536 | 20,29, 3.07 | 2458 | o.n 0.88 - —--‘—tr- -
of
' | N3 8 holes ¢ 16%mm
| oo thickness = Smm
I'G Plate 5 P E—
240/240/8 JF — % *_1,3 - - 262| s.26| oaz | 0.24
Lol
g | ~
les
O S -
I ST S
Red o IOmm
a a Fart no [-2 {a) s IO 240
£ = 3703 3709 | 14.84 | 2.30 .20 0.12 0.45 mm rod fo be bent o
shown -
';' Thread M |6 1
Frietlan grip TR W '-;
belt Rl 91N = = 9 pes eslio
o 70 s« se 123 ) - T | @2 jas0s | Apply ol aly Ref: IS 3757 — 1872
0 Fort nos, [2 {a, b} fo i5 3757 - 8.8 2R
be welded togelher os S
o 1 shown in weltng deioil.
= 2o} ! coetton o \—Thraad M 16
“rictlon  grip
,..'EF
A _Hg I-8 | rur 193 - —g- - - | 0.047] 9.07 | tppiy ot only 9 pe i
p | Aot G0/40s6 38 M 16 15 5623-8 fAel+ 15 6623-1972
43
£+ 2505 & 200 & holes ¢ 165mm | 2505 | 20.04 | 10.96 | a7.65| .50 | .00 sl -L”—r— -
N 2418 {hlckness » Gmm
2474
2505 W : .
.
Au shown & pes , Opposite  hond 4 pes. I-9 Wosher 153 teas f 8 - 9 pes esim
W17 15 6649 yP— I_ o = : 270 | Aoply oil anly fot: IS 6649 -1972
1 ¢ I
4
-
v
o’ TOTAL (I-1 to I-9) 409.95 kg| 16.36 me
m
B TRANSPORT __ UNIT
Plate j' i Weight  of part I-l = 53.90 kg
1-3 o aern 4 1 P Weight of port I-25 24.22 kg
- - . " 0.23 0.92
14 holes o 165mm
pss & Smm
380




Tower Top Element

Length Weight Suttace to be

Part
Saction [mm) |OQuantdy] Working  Drowl painled e
. y rking rawing singie/pc| fotal b fom 1olal m? /oc total | Supplied by| Remarks
(Dimenslzn 1o mm ) | mm m BIPEL P me
|, k140 | _'_mo . 4&
]
L3 9 - 0| 8
_ L
Angle §0/40/6 vi
T1 ¢:1s%0 § __]Z5 1ﬂl 1530 | 636 | 6.96 | 27.64| 0.32 | 1.25 %
25
- ] 1505 *d ‘Fh: corners ot Ihe
1 cad ol ongles fo be
- 1565 ;‘mz:'ﬂs ﬂ_lgﬁ:: dground ofl [lor o lengh
._1580 : feis of 140mm} os shown
whove.
b flod 9 10mm .
l: 8636 2 Rod @ |0 to be bent o5 shown it welding dotoil 25361 50T | 157 | 3.4 ]| 0.08| 0.16 Port nos T {a,b) 1o
te welded together o
shown In weldng  detod

=
|
G —— —~1|1-—--]
4 9~
A ’
Q
_¢__ A o E"a' ﬁ .
- al Nm
’ r ol ¢|8[q| ™
w| 0ol wi T
T Plute i | o Ef- ~
=2| 420736026 4 ~+-~- —0—A 4° ~ | = |6.12 |24.48| 0.27| 108
)
|_ 1
n sl
_ s
300 15 holes ¢ 169 mm
233 fhickness = Bmm
395
420
o i Tt
| L rFa_ |
q J- o i
m
2 30
3| Plate
_ T-3130/6s¢6 g lggv ~ | = Jo.a | 1.28| 004 | D.32
215 4 holes 9 169mm
LLl 275 thickness = Bmm
L 310
Frictien  grip 4 pes. extrg
balt ) '
T4y 15150 60 = | = [o1z | 720 | % o ony
IS 3757-48.6 Rel' 15 3757-1972

Frich i
T-E nLI en  gtip - sy ol on 4 pes. extnn
MG I5 6623-8 - ~ | 0047 | 2.82 ¥ ¥
Rel' IS GG23-1972
= To be marked F. G.
15457 T
a N ' 4 pes. estrg
—B Waosher 60 18 =M Y
T ‘a'17 is BG40 JJesas ®|® "J - — | o014 o84 |Aeply el only
sj flef © 15 BGEAS 1972

ey
1
It od 1
m,
= | Angle 75/50/6
17 ieaqn 2 s 50 240 | 0.48 | 1.30 | 2.60 | 0.06 [ D.12
a5
145 4 holes » 165 mm
205 tickness = 6 mm
240

TOTAL (T=l to T-7) 76.20 kg| 2.96 m?

TRANSPORT UNIT
Weight of part T-l= 15,49 kg




Tower Saddle

LIST

STEELPART

Length Waight Surfoce lo  be —
Length Weight Surfoce lo be
Por' | sestion  imml [Cusilty| Working  Drawing singlespe| toiel | kg spe | totat mir::'J ":mul S'“: Ramarks PT-LI Ssction  (mar) Workleg Trowing i 2 pakered Stee Ramarks
{ i mm mm ™ va e | tupstind by { Dimansion In  mm | giesoc| total | kg spe | agian w2 e raty | spplied by 2
153 . 122 L
I , =
v
R w—" L
| Pate a ;'.-i_,m 2 hoins @ 165mm - - 0.47 | 3.76 | 0.02 | 0.18
170765/6 55 thichness = & mm
s | prate Dy 8
i7 i| 1227100010 \_.;{\ . ickness + 10mm | = - |o.mi | 648|002 0.8
\\_ o
_ . Part Mo, S-% {a=|]
B ——— ,'*, I ] “\_. to be walded Iogethe:
. + "loi 50 . +.033 4% stawn  alongsice
¥ g k= 6 holes g 165 mm L] . _Hole ¢ 25mm — 00O
P Sy 4 e o s i “thickness = & mm - - |e25)| 9.00|0.10] 0.40
[
Shape  or mill 3 down
253 o
" w
288 - «
-
| L | )| ml
t T T T
| ] L . L]
- i | 1 ¢
| . . .
¢ |Frare 4 m - - - |4.38 |1T.40| 0.07 | O.28 ]
3BE/202/8 ‘7 thickness = B mm
Plate —E - — | — D
3_ - - 2.8 | s.82| 0.05) 0.10
|/ S-2| 1700120/20 N
388 v o
| oS 4 noles p 2imm
&4 C) 1 ichness = 20mm
Fiate b4 - - - -
d 144 714476 g - thickness = & mm 0.7t l.a2 28
L R 85
«i- 1494 “ﬁo
@ Slot 6 wide—, -1#
Sl o
r— 104 -
Thraod M 20
-
Fiate 2 v Friction  grip Hole o 4 mm— .
8 2 = thickness = 6 mm - -
38B/194/ 6 2.6t | 5.22| 0.06 | 012 ball € extra
T 5-3| m roxiz0 | 4] - - 038 | 3az | apay o0 oy e
il Is 3757-8.8 =, Ref* 15 3757 - 137
194 -
k-1
“ 5-4 r-‘nlc!lm arip —_ 1 pc. estre
1 - nut - - 0 i
i thieh 8 M 20 15 66238 0.079 O.71 | Apply ait anly Ref + 15 G623 — 1872
ichneay = mm -
f :I;I‘gf'jtl}n 4 “:" | - - 50| 2.36| n.20] 0.08
|}
To ba murked
E.G.
l1| :
154%5"
| pe. eatrao
Wosher - "
S-5| . 21 15 €649 2.25:45" @ - 0.021 | 0.9 | Asply ol oely fal+ 1S BEAD.(572
F
4
L.
Plate g g 4 noles o 2lmm
9las07170 712 2 thickness 3 |2 mm = = 5.06 [ 1D.12 | 0.08 | O.16
R w
5=6| cotier pin - - 0.003| 002 | Apply oil only I pe.  extro
so |
!
5t TOTAL {(S-1 to S-6) 67.77 kg 1.50 p2
]
Plote
h lizors0.14 b - - 0.46 | 1.84| 0.0 | 0.04 TRANSPORT _ UNIT
22 Weight of part §-1 = 28.60k
2 kales g Elmm
thickriesy = 13 mm



Foundation

Langth Welight Swigce o be Surt
Fart ainted Stazl t N Lenglh W urtace 1o ba
Sectlen  (mml Quantity | Working  Drawing n ARomark Par| A ang night Staol
no. singlagpe]  tomt totel totad | ed b rks o, Section {mm} |Cwmnlily | Worklng Drowing peintad Rer
[D]_mnnslnn In_mm) mm m ha7pe L] me/pe n"‘: oot ’ {Dimension  In mm} ﬂm’“ w‘mﬂl ka/pe m::l merpe ml‘:?!‘ el by e
_ﬂf St 33 wida .rﬂ,.. _!a _ N —
- o
Pigta g 90 o o g
Angln B0/ 80/8 8 | thicknoss = 18 5 = = 'm":" ".5; - — o053 | 2.85 - - | pe. extrm,
a1 ;. 300 2 400 | o.eo | 320 |6.40 | o |o.22 e fhicknasa
B -
2 holes ¢ 17 ; 1 Siot 33 » 300 !
" o ~ a
Flat 4D/8 ] 4 Plete Gb by ‘nl o
|| b f=1200 2 | 200 | s' 1200 | 2.40 | 2.26 | 4.52 | Q.1 0.22 g | gpns250/32 2 i g[ - ol 41,64 | 83.28 | 0.39 | .78
+ Walght mMnnu s | Py {57 t 2 holes p 52
Red ¢ 32 e walded upit =19.124g. 1 4 thizknoas = 32 welght of
one
€| azr0 1 1270 L—!ﬁ% 1270 | 1.2 | Aol [ B.01 | 043 | 0.3 o n 680 woided  unit s 45, (9kg.
§
Pert nes. 1 (-4} Plale — +‘
Plate s &0 2 =] Shops or mill on  both — -
d |hlckness = € 2 - — |oo93| 0.8 - - ::w?:”“;:"'fm_“ b | seo/30/32 ] _,;0 i o w0 sides o got Ihcknass = 30 3.2 | 6.78 | 0.04 | 008
in weldlng datall. : Parl hos. 9 {a-c]
os. a-c
fRod - hrand M IE c Squore  ber 20 2 Bi 50 0.40 0.6 0.32 :ll I:; walded
a o —# e ———— ——o]} £ =850 - - . - - ogether a3 ahown
2 |.e30 L] 4_10_{‘:‘?-9 630 | 2.52 | 1.oo [ a00]| - - 1 =0 | ol in wolding  derall,
- —
i Re2 Theocd M IE
M 16 :t
Rod 8 I8 2w Rod  to b
. 10 | scarz 5 | + = 8 od to ba bant a3 - - |o22] s | - - 1 pe. estro.
3 fAod o | a ahown after  Ihreoding.
1 =158 Rod to be bant o3 155 2.7 | 0.24| 3.36 | 0.0l | 0.5
shown ofter ihreading. 93
! a Channal a _Li' 7
w Bitfieutt  part 1SMC 125 ~1000 <ol T 150 F—ica 1000 | 4.00 |12.66 | 80.65 - -
-_— a Plate 2 for trensportation "l'l_ [Te]sls)
J 150711076 | hela & 1T - - | 0.77| 95.24) 0.04 | 0.32 4 hoes @ I7
thickness = B (4 pes. ot painted) Welght of ona
1 b I:’I?':sq:u!ﬁ 4 ETE) 32 | 1.53 | o¥2 | 2.88 - - welded  unit «4508kg.
—
I a ﬁ[ 2.7 B8.68 ——
230 /200/6 : . B . | . 8
(st 230 ! ¢ { Plote 4 8] - - 5.16 | 36.64| — - Part nes. VI[a=-¢)
€DD/200/ 10 =1 2 holes s 46 . i 1o be waided
< A0 - U 280 1o thickness = 10 togather @3 shown
fal} Surface to bo painied | -~ # 23 GO0 + In welding detoll.
—__— : — 4 E= t T
I = Throod M82
4 Channel 1740 Iy = - ~ e pitticun _ port
(K] C | suc 7s-24sa| * 1800 ! 2450 | 9.00 | 16.62| s6.52| 0.41 | I.64 g |fed # as a S Gl -g]  TuREao DaTa: rarspotiatle
ngosn 1 | I=2340 {we | @ 800 [ W; E.‘:.’;‘é??g 2340 | 8.36 | 27.13|w08.52| - - 'Nblgh; of o
wl _2iaC t ¥ ded wnil *27. 34Kkg.
i 2370 1 | hole @ 25 (Partially ) 12 1 = 2350 1 Plich = 4.5 wekded urll *27.35ka
2450 4 holes # 9 o —
p| P o eo a .. gl 4 [ Fort nos. 12 (a-b)
R e * = -@- ( 1 hol - - |02t |oBa | - - o ba walds
d|™7. 50 4 j'-ﬁ: iso | a.60| 0.53 | 212 | 0.01 | 0,04 fhickness = 8 ) = = s @ % logetier as shawn
150 - ! 48 In welding  detcil,
RO i
€ | Open thimble 4 Thimble to IS5I stondard for coble o |13mm - - 0.l12 | 0.48 Galvenlzed 1
2]
~— Welght af ane |3 | Anote BssEBsE | =% C
Py walded unlt = 54,07k /a0 23 o al0 1.64 | 2.35 | 9.40 - -
A L L 2 i |
g |Plare _.‘ .y = oes | 100 o 54 w10 " 3 holes 8 17
- —_ . . 0.01 .04 "
D0 /60/6 Vv ' hol § S Port nos. 4 la=T} thickness = 6
460 [ o 1o be waldod
oo -i- thicknass = 6 fcgother o1 hown Throod M 16
In wnelding dafcil. B
Rou o 16 -
[E:8 &5 ol find 1o be bont o3 ag . a. — -
--EP— ‘-AI-} - % - A£=139 shown ofter thmading. ! l.oo zo{ 1.50 I pe. extre.
Channel = g
5 2 =
- = 690 .38 | 1511 | 30.22 | = -
ISMC 200 - 630 ﬂk_l_ga oe — | 2 nows e s2
650, h | ~— Threod MA&Z2
Threod MAB ———— 15 Hoxegonal nu 21 E ; THREAD DATA! - = 0.65 | 13.65 - I
= . . - pc. estrd.
a|fd s SO - 1 == l THREAD DATA+ M oAz Midar Bla 33099
1=385 4 5 ot B' e D TaB000| 983 | 394 | 143 57.56 - - Isat &5 Phen e a &
s = ' T Minor Dia.= 41.B66 Walghi of ono .
! Fitch = 8 ) wolded uni) * 14.85kg, M T
s T35 -LL Washer p 46 s e - 3!
Plate i 43 ol 1T g!' 16 thicknass = 1O w! L - - 026 | 1.30 - - 1 pe.  exird.
b |55/ 70/20 a Bk B \ hole s 507 - - o.a6 | 1.ea - - Part nos. 6 [a=bl o
T thicknass = 20 te be welded R
..|_T.D_,}_ ‘_1|_2D logathar o3 shown
in welding detaoll,
Thiood W GE Rod 8 B0
- 17 1= 1BD 2 2 heles a 10 180 | 0.36 | B.88 [17.76 |agpy greose ory
Hexagonol  nul =1
T 7 —E THREAD _DATA: |
b as Maler Do, + 48.000 | = | @97 |!8A4%] Golvanized ! pe. emira.
18 : Spifr pln ¢ B
l___ J 75 L Wisor Dia. - 42.587 18 | g s - — | 0.08 | 0.30 | @Brignt steml | pe. extra.




Foundation (continued)

far

transporiallon,

Length weighy | Surfece to ba | Lenglh Waolght Surfaca ta be
Part paintad esl Part peinta
) Saclion  (mm} |Quoniity | Warking Drawing Single / pe] tetal 1ot epplied by| FOMmarks ) Seclion Drawing Singlaspey  telat tatal ‘otal Hamarks
e : (Dimension 0 mm) | mm ko4PE| g I N mm m RUSPEl g mérpe | e
i 315 Difficult part
g[g — T for rmmpsﬂulullnn
Channel T Andle 5076076 ziea | 2as | 9.7z | a7z - -
O} 1smc zoo-sco| * _E[" t tole e 90?9087 | 509 l0.80 [ 43.20 l.00 24 | 4. 218a
250 | =280 _]rsl
5 I SRR
5 — T
"y 83| to sl chonnel flange i ﬁr_Lo
Plate " — £ -
b 8 -1:‘ (Sea  woling dalall) - 0.79 | 6.32 0.24 25 Flal 40/6 -
|a%/80s 10 & 540 380 50 B0l 540 {0.54 |0.57 | o.97 - -
grpliza [0 necassary ’ 350 PP 4 hoes 27
=
mlo +0.087 =t Welght af ano
19| g | Pare a — D al= ! el # #9000 5.03 |zouz o.32 flod s ez X A= 23 2 veldd unit * 180 ks
c - N ol . o -
480 /18078 =5 570 ?:,.M,?':m“:;,,;u a|t.a7e Thread M 18 Aod to he bem x| 276 | 85 | 154 (308 |o.0os | 0.0 Part nox 28 fa=b)
v 3 b oiding| 10 be walded
2b0 thicknass = 8 Welght  of one 550 B whomn dflar thes togsiher a3 shown
walded unlt = 45 B8Gkg. In welding detall.
d :’uai:raaa 10 8 :I——"ﬂ: - 1.0a | &.32 0.24 Washer @ | i
200 thickness = 10 b{is. ssio - |ooze| o.n Gulvanized Hef+ 15 BEIO - 1972
- Pary nos. 19 (o-a)
Plaio =B [=] fa be welded Hezagonal 1 4 peca. eabro
e 8 | hole w 47 - 1L72 [13.76 0.24 togelher us shown 27 Threod - (o032 | 262 Galvonlzed _
220/ 100712 [IT=] iua - Ihiekness = 12 In welding datall. MIG 15 1383 1 Rel s IS5 1383 — 96T,
220§
28 Washer & A | pe exira.
200 Surfoce = T - |o.oes | o.az Gatvanlzad
| be painled, F°5 a A EE 1s 6610 - Rof: 15 6SIO - 972,
p——— 127} [~ C Y
& =3 : The rad to  he "J“
Qffoa o 25 [ R=15(inside) &  R*5QLY bent 1o form the | 1950 7.51 | 45.06 0.1z Big|n2 Husaganal I pe. exira.
= 1920 = — hook  os  shown, Sal=[M| 29 |mis x40 - 0.095| 1.29 Galvanlted
175 painted) =| 15 1363 Raf' 1S |363—|9ET.
Bl
HE
40f~{ Surfore 1o be painted ;
Pial -
b{2e . oro & Ihickpess = i0 0.47 | 2.82 Hegligitle U3 30 T-‘rr.z:o The red to be | 1723 | 3.48 | 4.25 | e.s50| 0.01 |o.02
.gg bent 1o form
- =) Surfoze 1o 1ha hook os {Partly polntedi Used as erection
2e be  painted, aB0 shawn. heak { far lirfar
=25 ] machine}
L. He thiming of section 2% 1 i
i Aowed) o = €. sxfra.
cfFud e 25 12 during banding o! 576 222 |z6.64 a.80 31 Bulldog grip forged bulldog  gilp slondard for coble @& V3mm - 0.28 | 8.6 Guivnlnlud H:I" 1S 2361 1970.
I+878 2 Cangn of ragls  of %E wlo 5 :
carvalure fo ba grodud S= " 32 | Cean ihimble Thimbla to 1SI standard - ) Galvanized Raf: I5 2315 - |S7H.
20 i TR = 33 |euldsg qrip forged  buildeg grip 1o IS1 stondord for coble @[ mm] - * Galvanlzed Aat+ IS 2361-1970.
< ] 1 - =%
B /" Thread M 24 Aod o =1 Ditflcult port for
Plats_130/55/25 : 4 | 34 | 75150 2900 L 3140 1 43.96 | 2.79 [ 3906 | — = transgartatian . z
. - - g i
‘@‘ RECH N p— 1
Left  threcded & T @ i & J THREAD ° DATA - 137 | B.22 o.12 35 f}""a;ﬂ Tas0 ]—-5? 18690 | 9.45 | 1.66 | v.e0| — -
d - 3+ Major Dla.»26.000 { -] £
Hight threoded az% < Mirer Do = 20,732 - .37 | a.22 vz od @ =3 Ditfizut port for | 8
& : 1 25 Fich = 3 36 f=2440 | 2200 v___i_ 4 2440 | 35.04 | 2.7 3a.72 - - trorsportalian . :
1875 2 holes s 28 K]
Woight of aona Rod 8 — 7 i ' P - _ d
130 thichness = 25 welded it = I17.Obkg. 37 | s ._1ss0 I g 1790 | 1432 | 1858 | 12.7e 2
u
L. H. thrpod THREAD ORTA® Red o — bitficult_part far | =
; IHREAD DATA —=f ' 7 2a. - -
Hod & 25 AR WMajor Dia = 24.000 38 | 2800 ; 200 15 2800 | 33.60 | 10.78 |I29.36 firlicue eant e
el 4as 5 l{e EL- =" Minor Dio.» 20.320 | q4& .35 | a0 - n z
-9 1 235 210 Pitch = 3 Ons right Ihroudud [}:E‘ o H
2 holes ¢ & nut Vighlned 1o part 3g |Red o L] b 2060 | 16.64 | 0.81 .48 | =— - 2
Tod 8 25 20e and weldod. £z - o
L -
Hexdgonal nat M24| Ba0 outer =
e e _ _ THREAD _DATA: —
f | Rignt  threaded 12 B Malor Dla.= 24,000 o2 | 1.44q elzod (1 39) cable ¢ 36mm = 1068 .49 kg 6.73 m2
Lot threoded s 22 138 ! - Thmod M24  Minor Dias20.752 ( oiz | o.72 nizod cable ¢ 40mm = 1081 .89 kg
Red o S e e Port nos. 20 (a=h} -
f* a0 2 ';—"LU‘—L' k) 40 0.0l aga - e be osssmbled Rod & 12 F‘a-;_.—---.::é’; Extrn length_ for
together @3 shown 5 40 | P — I. ] m:l huuln 120 - - _
Open thimble 5 Thimbla 1a ISI  gtandord  for cobls & 3 mm - o012 | o1z nlzod I aiaserbly and 1 e - 8888 e
5 . 2 a
16 [ = 4] Rod = 18 oAe hnulul 160 - —
3= Walght = 1.58 kg /m' | o oo | ] e
Rod # 16 b #|'a Exlra lenglt _tar T Reler 1o =
21 7 13 Fiod to be ban! a» 147 0.22 | 2.88 - | pc. astra. = ane  hook = B0 struciurol drawing | S
= ia7 shown after threading. ==l qp [Ro# v ! - - B3/ 2 -
gls :
5
= = Walght = 1.58 kg/ m' =
i - BE
-0 O-0f —4 2 %[ E| 43 [Ree e N . 2:
22 a =al 41 159 159 a1l lze O 500 0.88 | 3.52 - z 3 Welghl _*0.BEH kg /m' =4
=
- 1 & holaa @ I7 2| 44 |fode 16 S o ™l - - =3
! Ihickness = 6 Vs Welght + 1.58 kg /m’ =.
=] -tﬁ
= E“i i['{;h (1 - 44) = kg €.73 m?
Angla 5075076 :z__*a_ri______;:nu 520 of |3 H ,
23 . f21365 2 LRITTT 1 1265 &.08 | 12,16 Remark
& holas 17 ; thicknass = &
&s  shown — | pe Opposite  hond = | pe. :L{l:"l;:m:. rad



Walkway

Park Length Weight smlnhl:’: be Steel Post Length Weight Surloce te ke Sieel
ar alnie int 5
ng. Section  [(mm ] waorking Drawing Singiespd 1o1e) , \atal B ‘otal |supplied by Aemarks na. Secilon {mm] |Quontily ‘Working Orowing Single/pe| tatal weroc | totat @ain “d“gl wagind by Aemorks
[ Dimenslon In_mm ) | mm m_ | *Pc | kg |m2/pc| m? Lo fon _In_mm ) mm m P hg  fmBroc [ m
30 ) 300 ]L 300, 200, 30, C.
| | | & o
- n
—— ¥ = ¥ T _.% 9 Ploln  Wosher 8.4 ~ 1= = 0008 | 0.087 G 5 % exiro  ploces
C - - - | alvonlzed
a “;“"I::u’m’ﬁ 2 |:-| 21 (at0 s21~|| S ‘h 1520 | 3.060 | €778 | 13.556] 0.304 | 0.508 v 13 ®
n
T 0
25 1520 25 PL
4 holes @ 14 ; 2 hcles 8 21 Wire MNoll a 3 - - 1 uses tar fizlng ihe
10 £ o0 10 0.015 j0.600 Galvanized longlicdingl  plonks.
Bladlng  Wire Golvanizad Used far  fizing Ihe
Flat 65/6 I L s.00 o.142 'I " wite = mesh netting.
b f“_ |56 F] 186 | 0,312 | 0.446 | 0.892 | 0.020 | 0.080
3 holes o IT - - a
thickness = & TOTAL (i ") - 26- 4?7 kg |.062 m
I
w
Flol 65/6 -u]
| 300 | 0.30 |D.218 | D.918 | 0.040|D.04D
€| f-300 ' Ihicknass = 6
300
Welght  of o Longitudinal wooden planks length =2.39m
al 9
__?__ & 1 welded  unit # 15,956kg Volume per m span = 0.0759 m? (ncluding 10% more  lor sawlng)
sl
al w
d | Flzt 84/8 2 ki Bl joo | o.20 | o.295| o.5s0| 0.on | o2
! =100 50|5D - . : ' - : Pert  nos. !dto-dl
| . ole & to be welded
T 100 thickness & & ipgether os  shown W ELDI NG D ETAIL OF PART |
In welding detall.
= -5 SECTION A-A
| & _,._“—',},—j-g FRONT ELEVATION Dbialn 01451 50
U) Flar 40/ 6 @
1720 | 3.4490( 3.238| 6.472| 0.158| D.316 ‘T_
—| 2 1= 1720 2 | e9 ,t_ LE]] B3| ! 298 |
| 1720 :
3 holes @ IT i Yhickness = & A
7
-f 259 i 105 4 a_, 5ot sof 3 65 1
Thieod M 15 ] 9 4 50 (50
e I+ 145
-1 o -
A=) !
— 3 | Fot e 18 2 "’l =+2) T Rod 1o be 437 | oe7a | 0637 | 1274 | 0oi0 | 0.020 n:O:e|::o’°w
m f TaRT Re2l “ﬂll“} 2' bent as  shown.
70 4
<< <
o 350 \
- +- A E
Ll R*7 Cinsida) |o—¢l—¢ R
L |=|::|=/:.$'|_W'_a.'_n == b~ == o
Flat 4076 = .
2 2 g8 | 0476 | 0,57 | 0.31a | 0006 | 0.016 "
W 4 {88 20) a0 lils _tzolz0 | hole 8 IT 4 .
R tal
73 40 thickress = & AL 2e h ?Eu.;mnmnl of  holes
- 11— 1382 _isa]
1520
Heangonei  balt - 5% extro pleces
5 U 1sno0 348 - - |ouos|0.334] cawvanizea T i
.ti_. )
SECTION C-C
~-Thteod M 16
Hesagonal aut 5% wealra places
M6 15 1383 | 128 =] - - 0.032 | 0.403| Golvanized y
6 Rel. 1S 1363- 1567, 3 Supdied by o Rod # 16 4 7»437 @
2 24 Eg lam 5.8.0. | workshop “i':u';'
ks Ll fol ki Huts W 16
Structural sleal , siondaerd  ports ¢ 24.016 @
1
Thread M 12 Cost  astimols para no. oifral | OtlRA} |D2.11a) Flul 40/6:; { =58 @
7 :"‘;ﬂ:"‘"!ru“" 8.4 -+ 0.073| 0,613 galvanizad 5% exiso pleces. Screws, bolla , nuls ,washars 1.719
x y — - - . . - 2 | Stondard poris:
IS 1363 10 _i_ﬂ T Rel. 15 1363 —1967 oo pora_ro. ol kAl | 01(RA) - ‘4
o 40 - (1] 5 | Relntorcament  steei: 0.7az! FIXATION CABLE @ I3mm
Cost  esflmate para  no. al(rRa) | OI{RAY | D2.21iA) -
- ATT
Threod M 12 Total  E=2+3 28 .
Hexagonal  nut _ _ _ o.ais | a.302 Satventzed 5% extrn pleces Cest estimote  pora  na. OL.11(A}| O1.12(A) = M EPAMMNING CABLE
8 Mtz 15 1383 | 6.8 . . slvonize: Rof. IS 13863 -1967 ArAbstuct of estimoiad  cost , RA® Rate cnslysls
' ‘M 1) Nolis  ond  hindlng  wire .
lsl




Anchorage

Port Langth Walght sulanlu 1: be Steal Part Laaglh Welght Surloce ‘tg be Steat
1] JFar i T painie:
::’- sacilen  (mm} Warking  DOrowing Singla/p ratel , ‘otol L .mlqé supplied by] Aemerks 4 Seclion  (mm) [Quoniiy Warklng  Drowlng . total satal i Suppling by] Remarks
[Dimensien  In  mm] mm m ha /pe hg mi/ne [ [ A Inm_mlnl i m wgfpe kg mepe| « m
(=1 o s
5— o :ﬂiog —— —— o
Hol BG /8 Sl EI: & hates 8 18 | 50p | 2.00 | 2.45 | 5.80 {0.08 |0.32 Flar 100710 A =5 ‘?EET-
g fes00 -jpoL 170 {170 jaal. & thichnozs = 8 ’ 9 ° 15 W as| g 820 5 las s 1700 2720 | 13.20 |2ize | - -~
T 3o 4 =1700 B ESH
b 800 | : 1700
ao, . STS B holss e IT 3 thickness = 10
RAS a 4 - =]
Angle 50/50/6 [F o SRS ST f
2 . o 10 | a0 2 30/ 5050 [0 § 6 holes # 13 11500 | 3.00 [ 671 | 1342 | — -
Fial 160 /10 = =l 2 oo | s.go | 1334 hiost2| 0.3e | 2 Gas  calling L f g thicknase = §
. . E . . rahibite ___ 150
b £+ nooc =] - T LU prohibited  for
- 660 ,.’ port  na. d’,—ﬁnmllA Ihe lenge
noa Angis 50/50/6 bt — : F—n
+0.074 ] peiaso 2 29l222)s58222| _eve || 30}}]za 1930 [ 2.98 | 6.28 1286 | ~ -
4 holes # 17 3 holes 8 14, | note o 70 807 | tnlcknass=10 § Y- o L wotes o 14
{orin g 10 | Napl-—Euinlt, she Tlange
angla 50/50/6 + - S - N
I s e 12| 4. 400 2 R HEET MY, 770 _FL- a7730) 1120 1400 | 2.80 | 5.6 | .76 | - -
¢ | square bor 8O 10 | o.60 | a.90 |1a.60 | 0.0s | 0.is 9 1220 ”.FJ,-, 0 7 holes p 14
guare
=150 -
| 3 | Mexogonal rut 13 This port Is idanticsl te pert mo. - — |or7|i0.00 - - Vg emire.
3
I hale d 46 2 helea g 10 Hexogonal bolt 3 . iro.
T 14 | mizsao 75 2 - - |o.oas| 3.68 | covanizea pes. axim
Rod @ 1o . .07 |oss | - - IS 1383 M \ R
d| 7110 o.aa | o Weight of ons i Aot IS 1363-1967
walded unit=AB 46kg]
Hexagonal belt I NI 4 pes. extro,
o THREAD  DATA 15 | m -1} E_ t - - . "
e| el 8ea ¢ Bo  3%0 | 600 |_“Mojor Din-45000| 1000 | 4.00 [11.52 | se0a{ 0.05 |o.20 [smn;:g X N ©.12 | 12.00 | Gulvenized )
s 1 " ooo |~ Minar Dic.-3547% ] 80| Han | Ral+ IS 1363=1967
S t- Pltch = 4.5 Part  nos. | {a=1) 6 Hexcgnrol  nol 1 5 -
THREAD DATA to be welded m = 75 II:!I-—‘Humd MIZ - - oola) .35 Gulvenized pcs.  exlra.
f | Hesoganol  aut (REN| "’;! [(Ti}—Trread mas Majar 5000 — lo.77 | 3.08 together o3 shown (2 18 1383 1 Refr 15 1363-1367
‘M 45 70 HMiner Dlo=40.129 - - - - Hexoganz!  nut ] A pcs. ealro
4re i Flich = .5 In_welding _datall. I'7 | wiers 133 | 100 Thread  MIG - — | o.032]3.20 | Gavanizes . s
— s 1 Aefr IS 1363-1887
m—ﬁq; T,
w 2 Flgt 40/6 204_ 40 205 :‘..;":I“ _lﬁl" a60 184 |o.a4 | 3.38 - - 8 Ploin washers 17 = o
— F=as0 M5 40 cknass nicknass » 4 oo = m — e it - - D.o15] 1.50 Gatvanizad 4 pes  axira.
! ] 460 _— -
180 140 | 180 - t i)
! N 40 35 Fed 1o be bend 1o form fhe hook . Ll
8 - 1 R = 45 (ingi H-SD-PS o
| fhemnel o _iG)_] 3 o nelee @ 10 o| seo [ 200 [10.70 | sazsaf 025 | 100 _@_'.T_1_M- — J 2
15MC 200-500 g ! =4 | hale # 90 :g.gg |9 l:“zs;oes 2 2650 | 5.30 |10.20 |20.40 | 0.04 | D.O8
— .l._ . -
o 250 250 40 holas for 1250 | sutace 1o {Pastly pointad) Used far flxing
I anckmt zohie end ba pointed. Tirlor Mnchine
<[ orote (8, 17851 siops 1o cull chonmel tiange. 1100 ; furlng  sroction.
[ml b b= = (sca welding detail} - - .78 G.32 0.02 | O.24
] I83/60/10 =] 23] o rind &5 necassery TOTAL (I —19) = 725.48 kg 5.68 me2
Ll + +0.087
w |3 -~ 2 o t hole w 90_gbo Rod # 2% 2 — 2 Extra tengin  for
Plate pury ol = ' 20 TS g hook =250 _ _ Ribbad  fer  steel.
c| iae a0ss a, 'a:teul::“lernnhelgll:!q - - s.03|20.12| o.oe | 0.3z ! Waight = 3.85Kkg/mt Cold  bending rsquirad
l 240 | 240 Plole  botled 1o port 30 when coble  end  is  socketed
w [ R 1.- 1= J— thickness = O weight of oan =]
! I hola 43 , 4 hob 17
Plate [:]—31— | o weldad unil=45.68kg oy | Pree o o f ates g
d 200/ 66710 - ihlcknazs = - - .04 | B.32 | .03 | 0.24 =2 240/ 220/ (6 = ™ |When thiz plate Is used for sacheled - - B.34 0.1z
- _*_zo_n_}‘ Ly 3 n
o L coble ead , perl no. & ond 5
e a Port nos. 3 la=-a) = Eﬁ_“ 35
SR - ] 47 1 .
Plala [———_ E L hols # 47 - - 1.72 |13.76 | 0.o3 | 0.24 10 be  welded g REXCREN are sl hacessory.
@) 220/100/12 Ihickness « 12 ’ ’ ’ ’ lagethar cs  shown w Hesagengl boit
in walclng deloll. o 22 1!-15 Ilaaﬁgn [deatical te port no. 15 - — oz | _ vau?u“ Aets 1S 1363 - 1967
Plaln washeralT I
23 [aantizal o poct na. 1@ = - 0.015 [
a4 Pin & 20 2 holes p IO taaq 0.36 g.88 | I7.7T6 |apply grease only = i Ll el “'"“i""d
/=180 Lt 24 Hexogonal  noi i |
x M 16151363 geatlcal  ta part  no. 17 - - | o.032 Galvanized Ret+ 15 1363 -1967
= T her 8 18 {
oger washer &
5 3":'.5%" ¢ 8 - — | o006 | 024 | Bright | stem 5> 25 | 15 sare Toper washer  pominol bole size o 18 @1 per ISI | - - | oozs Golvanlzod Aet' Is 5372 -1978
it} _ 1585
35 55 B&5 655
30, , ,35 = g, _L,e_,__.__. I T
Flat 10D/ 10 { | 1 | Use far extending
o '| i | a ol 28 fa15as  |-eee gilr — ‘:ff —:m————-#: 1545 .91 - -_ tha lasgtn at
a | Shennes 1}28i8 |oovo | a.00 |12.61 |100.88| - - W7 12 tholes @ 17 4 thichness = 10 B panl ne. 9
ISMC 125-1000 = Walght of ene S anchornge )
wolded unly =13, 25 kg Mertor contolnes AN Hrelz Tatal obout i
4 heles 17 27 - . Two units par
3] o hele: 814 Shaet 1 +0.5 | taco | ] 250 holes 8 & | 007 o.21 anchar  bor {20}
Fart nos. 6 La=b) TOTAL (20-2T7) = kg m?
Plate 4 holes p 1T i — 0.64 | 5.12 - - o be g
I20/120/6 38 mo Ba'S thickness = & togeiher u:‘mm
L] . shown
|l20i Hore offor walding fa_ peorl _no. € in walding  dergil. 28 Dpan  Ihimble 2 Thimbie o 151 standord  for  coble ¢ [E! - — . uglyg;u.g Raf: IS 2315 = 1978
) ¥ T
7 ?.n"::fﬁ 1160 | .64 | 2.7 | s.6a | - - 29 | Bulldes arip MS. lorged bulldog grip to ISI stoodord for coble # | mm|| - - x| Gonanizas Refr IS 2381-1870
GRAND TOTAL = kg m?
& S50/50/6 20 14| 630 2.52 2.Ta 1.16 - -
8 ,".‘2'30 / eg © M *®[carim | Butang  gripe Wweight (va/ec)
wmm far ons =abia Thimb arip
A6 T 275 | 1as
40 .8 130 | 240




APPENDIX L: CONSTRUCTION SCHEDULE



Chichica Footbridge

. 3 sSB
Construction Schedule ConsuLTING
ID [Task Name Duration Start Dec 23, '12 [Feb3,'13 Mar 17, '13 Apr 28, '13
w s T | M F T | s W S
0 |Construction Schedule 275.25 Mon ‘
days? 6/11/12
Project Mobilization 157 days Mon 6/11/12 sssssa
Project Start 0 days Mon 12/10/... 12/10
Bridge Site Preparation 70 days Mon 12/10/... =
10 Steel Assemblies Fabrication 31 days Thu1/24/13 Ry
19 Excavation & Foundation 47.13 days Fri12/21/12 -
Construction North
27 Excavation & Foundation 40.13 days Mon -
Construction South 12/31/12
35 Excavation & Anchorage 26 days Thu2/14/13 E—m—mv—==_—_—_—_—_————
Construction North
45 Excavation & Anchorage 31days Tue2/19/13 S —
Construction South
55 Cable Transportation 24 days Mon 2/25/13
58 Tower Erection North 5.75 days Mon 3/25/13
66 Tower Erection South 3days Sat3/30/13
74 Hoisting Main Cables 4.25days Tue4/2/13
82 Hoist Spanning Cables 1day? Sat4/6/13 L
87 Suspenders and Walkway 13 days Mon 4/8/13
101 Adjacent Site Works 3 days Mon 4/22/13
104 Site Completion 2days Thu4/25/13
109 Project End O0days Sat4/27/13 & 4/27
. Project Summary PR Inactive Milestone @ Manual Summary Rollup e———========== Deadline ¥
Project: Construction Schedule v External Tasks S Inactive Summary U/ Manual Summary Pr————=W Progress
Date: Mon 11/14/11 Milestone * External Milestone ® Manual Task DA start-only C
Summary PIII===¥ Inactive Task ( | Duration-only SRS Finish-only ]

Page 1




CHICHICA FOOTBRIDGE
CONSTRUCTION WORK ASSIGNMENTS

No.

Activity

1.0

Project Mobilization

2.0

Bridge Site Preparation

3.0

Steel Assemblies Fabrication

4.0

Excavation & Foundation Construction North

5.0

Excavation & Foundation Construction South

6.0

Excavation & Anchorage Construction North

7.0

Excavation & Anchorage Construction South

8.0

Suspension Cable Transportation

9.0

Tower Erection North

10.0

Tower Erection South

11.0

Hoist Main Cables

12.0

Hoist Spanning Cables

13.0

Suspenders and Walkway

14.0

Adjacent Site Works

15.0

Site Completion




CHICHICA FOOTBRIDGE
CONSTRUCTION WORK BREAKDOWN STRUCTURE

ACTIVITIES

1.0 Project Mobilization

2.0  Bridge Site Preparation

2.1
2.2
2.3
2.4
2.5
2.6

Transportation of storage facilities materials
Construct storage facilities

Site clearing

Transportation of footbridge materials
Transportation of equipment to site

Site layout

3.0 Steel Assemblies Fabrication

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Foundation

Transportation of foundation steel assemblies
Anchorage

Transportation of anchorage steel assemblies
Tower

Transportation of tower steel assemblies
Walkway & Suspenders

Transportation of walkway & suspenders steel assemblies

4.0 Excavation & Foundation Construction North

4.1
4.2
4.3
4.4
4.5
4.6
4.7

Excavation

Place masonry block

Build forms surrounding masonry block

Concrete fill (1% portion)

Concrete fill (2", 3", and 4™)

Foundation steel assembly installation and finish concrete work

Backfill and grading around foundation



5.0

6.0

7.0

8.0

Excavation & Foundation Construction South

5.1
5.2
5.3
5.4
5.5
5.6
5.7

Excavation

Place masonry block

Build forms surrounding masonry block

Concrete fill (1% portion)

Concrete fill (2", 3", and 4™)

Foundation steel assembly installation and finish concrete work

Backfill and grading around foundation

Excavation & Anchorage Construction North

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

Excavation

Formwork

Concrete fill (1% portion)

Concrete fill (2" portion)

Anchorage steel assembly installation
Formwork

Concrete fill (3" portion)

Concrete finish work

Backfill

Excavation & Anchorage Construction South

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

Excavation

Formwork

Concrete fill (1% portion)

Concrete fill (2™ portion)

Anchorage steel assembly installation
Formwork

Concrete fill (3 portion)

Concrete finish work

Suspension Cable Transportation

8.1
8.2
8.3

Norfolk, VA U.S.A. to Panama City, Panama
Panama City to Tole
Tole to bridge site



9.0

10.0

11.0

12.0

Tower Erection North

9.1
9.2
9.3
9.4
9.5
9.6
9.7

Assemble Base, Intermediate, Top, and Saddle element
Re-apply anti-corrosion paint

Fix 13mm cable to top of tower and opposite foundations
Apply Tower Stay Chains

Apply Protective Wood between Stay Cables and Tower Legs
Tower Erection

Install Temporary braces at tower base

Tower Erection South

10.1 Assemble Base, Intermediate, Top, and Saddle element

10.2 Re-apply anti-corrosion paint

10.3 Fix 13mm cable to top of tower and opposite foundations

10.4 Apply Tower Stay Chains

10.5 Apply Protective Wood between Stay Cables and Tower Legs

10.6 Tower Erection

10.7 Install Temporary braces at tower base

Hoist Main Cables

11.1 Execute Temporay Cable Hoisting Aid

11.2 Mark all Cable Hoisting Positions

11.3 Pull Main Cables Along Spanning Cables
11.4 Hoist Cable onto North Tower from each Side
11.5 Hoist Cable onto South Tower from each Side
11.6 Fix Hoisting Sag

11.7 Check Hoisting Sag Elevation

Hoist Spanning Cables

12.1 Fix Cable on one Side to Foundation Anchorage

12.2 Tension Spanning Cable
12.3 Fix Cable at Deadload Sag
12.4 Check Hoisting Sag Elevation



13.0  Suspenders and Walkway
13.1 Construct Fitter Platform
13.2 Hang Platform under Main Cable
13.3 Organize Suspender Material and Walkway Cross-Beams
13.4 Fabricate Nailing Strips
13.5 Set up Pulley System for Platforms
13.6 Fit the Central Suspender
13.7 Hang Suspenders and Install Walkway Platform
13.8 Install Fixation and Handrail Cables
13.9 Disassemble Fitter Platform and Pulley System
13.10Pre-cut Decking Material to Size
13.11Install Deck Material
13.12Install Wire Mesh
13.13Test Loading and Check Main Cable Elevation
14.0 Adjacent Site Works
14.1 Site Clearing
14.2 Erosion Protection
15.0 Site Completion
15.1 Removal of Equipment
15.2 Removal of Waste
15.3 Removal of Temporary Facilities

15.4 Re-check Bridge Characteristics and Cable Elevations
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6. CONSTRUCTION

6.1 BRIDGE LAYOUT
The Bridge Layout is to fix the bridge position and foundations at the site as per the design.

Procedure for General Bridge Layout (refer to General Arrangement 'GA' Drawing):
e Find the existing pegs and Bench Marks.

e Measure the horizontal distance between the axis pegs A (L) and B(R), and compare with the
measurement given in the General Arrangement.

e  Check the elevations of the axis pegs A (L) and B(R), and compare with the elevations given in the GA.

Peg Distance A-B =7

e Ifthe horizontal distance between the axis pegs A (L) and B(R) and their elevations are not similar to the
measurements given in the GA, readjust the design according to the actual measurements.

e If the horizontal distance between the axis pegs A (L) and B(R) and their elevations are identical to the
measurements given in the GA, fix the position of all the foundation blocks as shown in the following
sketch and procedure.

Span

x

Main Cables ~ T

/ Sag
INRNNNENERERNRRRERERN

\ * Camber B(y oS me
| A
Walkway Cables 4 | ? ? l \\
Walkway and Tower Main Cable
Foundation Anchorage

Procedure for Detailed Foundation Layout:

e Align the centerline of the bridge by joining the permanent points with mason threads or by ranging
between the axis pegs 'A' and 'B' as shown in the following sketches.
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114

Mark the front of the tower foundation on the bridge centerline (peg 1) with reference to the axis peg.
The distance between the front of the tower foundation and the axis peg is given in the GA.

—

B(R) Bridge

CL

——

Check the location of the front of the tower to ensure that it is at a sufficient distance (minimum 3m for
soil slope and 1.5m for rock slope) from the bank edge. (Refer to Chapter 3.3.3).

Measure the length of the foundation from peg 1 and fix peg 2. Set up two additional centerline pegs at a
safe distance for the excavation works (pegs 3 and 4).

B(R) 4 1 2 3

Draw an offset line (right angle) through pegs 1 and 2 by the 3-4-5 method (refer to Chapter 2.5.4).
Starting from peg 1, set out pegs 5, 6, 7 and 8 for the reference line of the front edge, and from peg 2 for
pegs 9, 10, 11 and 12 for the back edge of the tower foundation.

J 1
_5'%____4I?_
i |
B(R) % 11 jz 3
T 1 - -
! !
! !
CH | SR— 42
7 * * n

Determine the center point of the tower foundation and measure the distance between the tower axis and
the front of the main cable anchor and fix peg 17. Draw an offset line through peg 17 as a reference line
of the front edge. Set up one additional centerline peg at a safe distance behind and proceed as above.

sd 412
|
5 Tower. 9 —— |
I\'/l :.3 I Main
BR) 4 2 5 17% Cable ;g
Foundation ' Anchor I
I 0w —
i i
74 "
Dete i t - N L pstream
edge, use pegs 6 and 10.
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s+ 412 t f
5 ls 1 i
! i -
! Main |
B(R) 4 1 2_2 17 | Cable 18
——— e — @ — P e e e - e | - — ¢ ¢ € ¢t i s T“—;‘chor ——
6 10 4 !
i i !
74 41 1 $
] o 1

Fix the elevation line (datum level), and indicate the depth of the excavation work for the tower
foundation and the main cable anchor as per the elevations shown in the GA and Anchorage Drawings.
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6.2 FOUNDATION EXCAVATION
In Soil:

The foundations should be excavated with slopes to provide stability in the cut slope. The cut slope in
soil should generally not exceed 3:1 (V:H). The foundations should be excavated stagewise. Trenches should
be excavated vertically with sheeting, or must be banked with slopes which afford the necessary stability.

All safety requirements for the protection of personnel during excavation must be met.

Slope Pitch

e in well consolidated stable ground, maximum slope pitch 3:1 (3m vertical, Im horizontal)
e in moderately consolidated but stable soil, maximum slope pitch 2:1 (2m vertical, 1m horizontal)

¢ in non-cohesive ground, maximum slope pitch 1:1 (1m vertical, 1m horizontal)

If slope stability is impaired by unfavorable strata morphology, artesian water, intermediate friction layers,
vibration, etc. the slope pitch must be reduced.

The most important point to be borne in mind during excavation is the fact that almost every bridge
foundation bed is inclined. It is not allowed to excavate horizontally and form the incline with fill material!

To ensure that the foundation bed is clean and undisturbed, the bottom 10cm should be excavated
only shortly before the concrete is poured.

During all excavation stages, the excavation depth should be accurately maintained. For this, establish
an elevation line (datum level) and measure the foundation depths with fixed sticks.

All the excavated soil should be safely disposed of without damaging the existing vegetation down

hill, thus not affecting the environment.

In Rock:

Rock excavation is necessary to prepare the platform for a drum anchorage or for a rock block
anchorage. The rock should be excavated manually without blasting.

Excavation in rock is done by first drilling holes to weaken the rock, and then using crowbars to break
it up and dig out the pieces. The cutting can be carried out by forming steps, as shown in the following
sketches.

Ist Stage 2nd Stage

Further details about drum anchorage foundation in rock is given in Chapter 6.6.4.
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6.3 LocAL MATERIAL COLLECTION

The required local materials for the construction of the
bridge are sand, gravel (river gravel or broken aggregate),
and stones/boulders.

AT AT

collection of sand

fiy agem

collection of gravel

wedl ZET 5o

collection of broken stones

preparation of dressed stones

v
Bl

! AN
s ///)%W///

6.3.1 STONES/BOULDERS

The best stone collection is from a rock quarry. The rock should be unweathered, hard and dense with
a metallic sound.

In unavoidable cases, boulders from river deposits can also be collected. However, this can be used
only for filling purposes (broken stone filling). In any case, stones from a rock quarry are necessary for the
masonry works.

The quality requirements for stones/boulders are further detailed in Chapter 6.5.1.

6.3.2 SAND

Sand can be collected from river deposits or from a quarry. The quality of the sand should be assessed
before collection. Check the sand visually for impurities such as mica, clay, loam, mud organic materials,
etc. If such impurities are unavoidable, it is recommended that the sand be washed before use. Sand
containing significant quantities of mica should be rejected. The grain size of the collected sand should not
be too fine.

Fill a bottle with sand and water and shake vigorously,
and leave to settle. If the sand is clean, the sedimentation will be
less than Smm after two hours. And the water above will only
be slightly cloudy.

The quality requirements for sand are further detailed in
Chapter 6.6.1.

ORGANIC IMPURITIES

6.3.3 GRAVEL

WATER (LOAM CONTENT)
Gravel can be collected from river deposits or by " <5mm SEDIMENTATION
breaking boulders into the necessary size. The required sizes
and their proportion should be

5t020mm - 40%

20 to 40mm - 60%

Gravel should be of hard rock origin. Gravel of
unsuitable rock such as mica, marl and sandstone should be
rejected. Likewise, flat and flaky particles should also be
rejected. The collected gravel should be free from organic
contaminants like clay, loam, mud or stone dust, etc.

The quality requirements for gravel are further detailed
in Chapter 6.6.1.

AGGREGATE
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6.4 TRANSPORTATION AND STORAGE OF THE MATERIALS

Materials other than local materials have to be transported from the roadhead to the site by porter or
other means. These materials are mainly Cement, Steel Parts and Wire Ropes.

6.4.1 CEMENT TRANSPORTATION AND STORING

Utmost care should be taken during transportation and storage of the cement. The prime importance is
the proper packing of the cement before transportation to make it watertight and airtight. For this, cement
bags as received from the market or factory should be double packed by additional packing in Nylon Bags
with a plastic layer inside. Re-opening the bags (especially when transporting by mules) is not permitted
before use at the site.

The following rules must be observed while storing the cement:

e Cement must always be stored under a roof with adequate protection from rain. A raised plank floor is
necessary to protect the cement from damp.

e Storage must be arranged in such a way that the oldest batch can be used first.

6.4.2 STEEL PARTS TRANSPORTATION AND STORING

There is a great chance of damage to steel parts during loading/unloading and transportation. The
most common types of damage are:

e Deformation of tower parts, suspenders or steel decks due to mishandling during loading and unloading.

All the steel parts should be loaded and unloaded carefully to avoid such damage. Do not allow steel
parts to fall from a height.

Similarly, the following rules must be observed while transporting and storing the steel parts to avoid
any damage.

e Galvanized and non-galvanized steel parts must always be stored under a roof with adequate
protection from rain, and they should not be in contact with the ground.

e Galvanized steel parts should not be transported or stored together with salt or acid.

e Steel parts should be stacked and stored element/component-wise by avoiding mixing up the different
elements. This way, any element or component can be easily located during the erection of the bridge.

o All fixtures (nuts/bolts, washers, thimbles and bulldog grips) should be packed/marked and stored
separately according to their sizes.

e Steel parts, particularly suspenders and reinforcement bars, should not be bent during carriage and
storage.

6.4.3 WIRE ROPE TRANSPORTATION AND STORING

It is vital to handle and transport the cables carefully in order to avoid causing any damage like kinks,
splices and broken strands. Some examples of damage caused to cables due to mishandling and improper
transportation are shown in the photographs below.

Also pulling or dragging the cable along the road during transportation is not permitted.

To avoid such harm, follow the handling and transportation methods as described below.
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e Method of Unreeling Light Cables with the Help of a Reel Support

Wrong Correct Correct

e Method of Unreeling Cables by Unrolling Each Loop Taken from the Reel.

Before cutting the cable, ends should be secured by a binding-wire (seizing) as shown in the
following sketch to avoid loosening of the cable wires.

Wire Binding
(Seizing)

—
NHHWHWH&\\\\\\\\

ire Binding
Cut here (Seizing)

e Method of Transportation by Porters

There are mainly two methods of transporting cables as illustrated in the following photos.

Transporting a cable on the Shoulder (for short distances).
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Bundled Cable Transportation (for longer distances)

Transporting cables as shown in the sketch below is wrong and should not be practiced.

9.

Wrong method of cable transportation.
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6.5.4 STONE MASONRY LAYING

There are many different kinds of stone masonries. For constructing anchor blocks and towers, only
coursed (in layers of equal height) stone masonry is applied.

There are two types of stone masonries used for bridge construction:

e Coursed Random Rubble Stone Masonry

The stones are hammer-dressed, except the inside face. The gaps between the beds and the joints
shall not exceed 12 mm.
All Face Stones tail into the wall twice their height.

Bond Stones running right through the wall are inserted at 150 cm intervals at the least.

e Coursed Block Stone Masonry

The stones are chisel-dressed at all faces, except the inside face. The joints are dressed at right angles
to the face. The gaps between the beds and the joints should not exceed 6 mm.

All Face Stones tail into the wall twice their height.

Bond Stones running right through the wall are inserted on each course at 150 cm intervals at the
least.

Course Stone Masonry must be made in layers of equal height. Individual layer heights may vary, but
should never be less than 10 cm. Alternate joints should be made between the layers above and below as

shown in the following sketch.
joints . alternate joints

eersa
* . [ P L I T

coy

beds

vy . %
max 150 cm |
Corner Stone Bond Stone Face Stone

In a reasonably well-made stone masonry, the inner friction between the beds amounts to
approximately 35°.
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The verification of the corners and faces has to be done carefully with a plumb-bob.

of

Correct use

plumb-bob

The Strength of stone masonry structures depends mainly on the qualities described in the table below.

bond across is.

(in plan view)

...bigger... The Strength of Stone Masonry is... ...smaller...
...with rectangular Form or ...with irregular
stones. Shape stones.
...the less stones W ...the more
are used. W Number 'A stones are used.
7 / /
"'.t(l)lfn:;“;f:er the Roughness of K/M ...the smoother
] ' / // joints ' ; ; ; % the joints are.
...the smaller the t /_/_ Z Z \ Bed KM ...the bigger the
beds are. l 7 7 7 f m beds are.
...the more ' .
compact the W Height & Width ++-the slimmer
the stones are.
stones are.
...the better the Bond Across ...the worse the

bond across is.

|t | Stamor e

) S Mortar )
mortar i1s. S mortar 1s.
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6.6 CEMENT WORKS

6.6.1 COMPOSITION AND MIXTURES

Cement concrete is a mixture of the following four components:

e Cement

Ordinary Portland Cement commonly used for general construction works.

e Sand
e Gravel
e Water

Cement is very sensitive to humidity and moisture; therefore it should never be stored for a long
time. In the rainy season, cement bags have to be packed in additional sealed plastic bags plus additional
nylon bags for protecting the cement against water and damage.

Sand should be clean, sharp, angular, hard and durable. Sand must be well washed and cleaned of
mud or any organic material before use. A well-graded sand should be used for cement works. All or most
of the sand should pass through a 3 mm sieve or mesh wire. However, it should not be too fine, only 15% of
the sand at the most can be smaller than 150 microns, which is like dust.

Gravel should be clean, hard, angular and non-porous. Usually riverside gravel makes the best
aggregate for preparing concrete. The corn size of gravel should be smaller than 40 mm (1% inches) but

bigger than 5 mm.

Water from rivers or lakes is usually suitable for making cement mixtures. Do not use water from
ponds or swamps, it may contain a lot of organic materials.

The main characteristics of any cement work is given by the mix proportions of their components:

e Cement Mortar = A mix of Cement and Sand
e Cement Concrete = a mix of Cement, Sand and Gravel

Of course, Water is added in both cases, but the mix proportions of cement, sand and gravel give the
main characteristics of any cemented work.

Mixing the above components thoroughly is of utmost importance. Hand mixing should be done on a
clean watertight platform. Cement and sand should first be mixed dry, and then gravel added. Now the whole
mixture should be turned over three times dry. Then mixing should take place for at least five minutes by
slowly sprinkling water until the concrete is of a uniform color.
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The table below depicts the most commonly used mix proportions and required quantities:

Quantities for various Types of Cement Works

Type of Mix. proportions Dry required quantities for one cubic meteggﬁé —
Cement Cement bags K Sand Gravel Boul de(r)s
Work Cement : Sand : Gravel @ 50 kg g [m’] [m’] ']
1 1 - 20.4 1020 0.71 - -
1 2 - 13.6 680 0.95 - -
Cement 1 3 i 10.2 510 | 1.05 : ;
Mortars
1 4 - 7.6 380 1.05 - -
1 6 - 5.0 250 1.05 - -
Cement
Plaster 1 4 - 0.18 9 0.024 - -
(20 mm
includes 1 . 6 - 0.12 6 0.024 - -
12% waste)
1 4 uncoursed 2.66 133 0.37 - 1.1
stone
Cement 1 . 6 masonry 1.75 87.5 0.37 - 1.1
Stone
Masonries 1 4 coursed 2.28 114 0.32 - 1.1
stone
1 > 6 masonry 1.50 75 0.32 - 1.1
1 4 1 8 3.4 170 0.47 0.94 -
Cement 1 : 3 16 (MI0) 4.4 220 0.47 0.89 -
Concretes
(plain or
reinforced) 1 @ 2 4 MI5) 6.4 320 | 045 0.85 -
1 1% 3 (M20) 8 400 0.42 0.84 -
"Plum" 1 o3 1 6
Concrete with 50% boulders 2.64 132 0.28 0.54 0.50

Source: Indian Practical Civil Engineers' Handbook, Section 20

The amount of Water should be about half the volume of cement. One 50-kg bag of cement has a
volume of approximately 35 liters, which is equal to approximately two kerosene tins.

Concrete and Mortar should be placed in its final position within one hour. After placing, it should
be well compacted with the help of rods in order to remove any air pockets. For concrete of high quality,
good compaction is essential. This may mean extra work during placing, but on no account should more
water be added for reducing the compacting work. Concreting should never be done if it is raining.

Curing means keeping completed cement works wet until the setting process is completed. If
concrete works are not kept continuously wet during the setting process, cement mortar, cement stone
masonry work and especially concrete do not develop their full strength. Curing should be done for at least
28 days.

For increasing the strength of concrete, ribbed Tor-Steel bars are added which makes Reinforced
Cement Concrete or RCC.
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6.7 BRIDGE ERECTION

As soon as the anchor blocks and tower foundations are completed, the bridge erection works can be
started. Bridge erection and fitting works are somewhat difficult and dangerous, and require especially
skilled laborers who will not suffer from giddiness. Because of this somewhat risky work, the necessary
safety precautions should strictly be followed and the respective responsibilities should be clarified before
starting the work.

6.7.1 ERECTION OF TOWERS

The towers must be temporarily fixed during erection, because they rest as a line load on the base
plate which acts like a hinge. In order to avoid serious accidents during erection, the towers must be
temporarily fixed at their base. For this purpose, temporary side struts have been provided at the tower and
walkway foundation with an additional 8 angles for each tower (see position B-5 of Base Element Drawing
No. 100N). The angles are supplied with holes at one end only, the exact position of the required hole at the
other end must be marked at the site when erecting the base element.

First fix both the Base Elements at the bottom and put them in an exactly vertical position. Fix the
temporary angles at the bottom of each side, then mark the required position of the hole at the other end of
the angle. Also give a position number to each angle so that they won't get mixed up. Have one hole of
o 17mm drilled at the site or at the nearest workshop.

For tower erection, refer to the respective Assembly and Layout Drawings.

e  Check Steel parts for labels and numbers put by the manufacturer.
e Use steel-cones for easy fitting works and tighten the nuts and bolts fully only after the next diagonal
bracing has been put in place.

Each tower consists of the following parts :

Type of element Part Nos. in Steel Drawing
Base Element B
Intermediate Element |
Top Element T
Saddle S

Retighten all Nuts and Bolts firmly after fixing the Elements.

After the bridge has been erected, the cable clamps on the top of the pylon must be firmly tightened, and
then all the side struts (angles) must be removed.

Temporary fixation of Tower
Base with side Struts
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Assembly and Layout of Tower No. 4
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6.7.2 HOISTING OF MAIN CABLES AND SAG SETTING

Usually, the main cables are pulled across the river with the help of nylon ropes. In case of a deep or
turbulent river, attach an empty airtight plastic can (jerry can) at the end of the cable. This will prevent the
cable-end from getting stuck between stones and rocks lying on the riverbed.

Make sure that the respective Main Cables are pulled on either side of the Tower and Walkway
Foundations. Fix them temporarily at the respective Turnbuckle at the Main Cable Anchor.

Fix Cross Bar in middle
position during cable hoisting

Turnbuckle at the Main Cable Anchorage

Fix a pulley block
-

Temporary device for lifting the main cables (supplied
with Top Element)

Lift the cables one by one, first the inner then the outer
cables.

Once the cables are in the saddle groove, immediately
secure them with the saddle cover plate, but do not
tighten the bolts so that the cables can still slide during
erection time.

Keep saddle cover
plate loose during
bridge erection time,
but tighten it firmly
before removing the
temporary side struts
at the bottom of the
o S tower.

Main Cables at either side
of the Tower
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The hoisting sag setting of the Main Cables is one of the most important tasks during the erection of
the bridge.

The towers should stand exactly vertical, the saddle cover plates are loose, and the temporary side
struts are fixed. With this arrangement, the main cables can slide over the saddles when the bridge is being
erected and the cables become longer; and the towers remain in vertical position in dead load.

With a leveling instrument, the exact hoisting sag is fixed in the following way:

° Mark the elevation of the hoisting sag on both the towers with permanent paint.

° Now set up the leveling instrument on the tower foundation so that its line of sight matches with
the mark on the tower across the river. Setting up the leveling instrument at the prescribed
hoisting sag elevation has to be done by trial and error, and may require several attempts. Make
use of the three adjustment wheels of the leveling instrument when the eyesight is close to the
mark.

° Pull the Main Cables until they reach a level of about 20 cm higher than the hoisting sag.

° Clamp the cables around the thimbles at the cross bar of the Turnbuckle of the main cable
anchorage. Make sure that the crossbar is in the middle position of the threaded anchor bars
when clamping the main cables, secured with two nuts in the front and one in the back (see page
135).

° The Main Cables should be left in this "over pulled" position for at least 12 hours so that some
relaxation can take place.

° Now move the Turnbuckles to achieve the exact sag setting. For compensating elongations due
to change in air temperature, recheck the hoisting sag at different times of the day and make the
necessary adjustments. It is recommended to adjust the final sag setting during the hot day after
noon, when the cables have accumulated maximum heat, i.e., during maximum elongation
condition.

o The hoisting sags of all the Main Cables must be identical at any point of time.

‘ Span |
| =
Main Cables 7|
% // Hoisting
Line of > Sag
X Sight Mark .
ssusngy A(L) BR) e A
P

Also check the sags from time to time when the fitting works are going on. Different
elongations may take place due to dissimilar hidden cable relaxations when the tension increases.
Adjust possible sag differences with the help of the turnbuckles at the main cable anchor so that the
Main Cables are always parallel and compare the dead load sag with the pre-calculated values.
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6.7.3 HOISTING OF SPANNING CABLES

Fix the Spanning Cables at the Turnbuckles of the Tower and Walkway Anchorage on one river bank.
Make sure that the crossbar of the turnbuckles are at the outermost position secured with two nuts each so
that more tension can be applied when all the fitting work is completed.
Pull the cables across the river and secure them at the corresponding turnbuckles on the other bank (crossbar

at the outermost position).

It is not necessary to achieve the sag corresponding to the required dead load camber, since this
requires very high pulling forces. Just make sure that both the Spanning Cables are hanging approximately
parallel and are high enough over the highest water-level of the river.

It is much easier to adjust the spanning cables when the suspender is being fitted (see Chapter 6.7.4).

6.7.4 FITTING SUSPENDERS AND CENTER ROW OF STEEL DECK

Fitting the suspenders and walkway elements is the most difficult and daring job.
As mentioned already in the beginning of this Chapter 6.7, adequate safety precautions should be strictly
followed and the respective responsibilities should be clarified.

The suspender fitting work should start from both the towers and proceed towards the center of the
bridge. This procedure is easier and has more advantages than starting the fitting work from the center.
However, in order to achieve a proper symmetry of the suspenders, the central suspender must be fitted

first.

The only disadvantage will arise when finishing the fitting works at the middle of the bridge. Due to
inaccuracies, the remaining spacing at the center of the bridge might be either too long or too short. For
minimizing this imprecision, the required distances to the towers and the center have to be rechecked after
fitting 10 suspenders.

Preparation for Suspender Fitting Works:

e Lay out all the suspenders in sequence on the ground.
e Prepare all crossbeams, J-hooks and steel deck.

e Prepare two fitter platforms, one for the main cables and one for the spanning cables, and two gauged
sticks of exactly 1.00m length.
Front View Side View

Protection against abrasion
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T il T Y l b X D 0000000900898 00)

J Dl T
\ Bamboo Poles or Planks
joined to form a Platform

Assembly:

First fit the top portion

on the main cables, then

hang the platform under
- this by using either steel
bars or cables.

Plan View

Main Cables

——— Sheet Metal

y: ) T T ) TP

M

i

ARG

w7

Strong Bamboo Poles

0.40-0.50

Y AR

»v

0.6-0.8 \ Distance between Cables
1 1

near Tower top
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Short Span Trail Bridge Standard Suspension Type Volume 1

Fitting the Central Suspender :

With the help of the fitting platform, the suspender in the center has to fitted first. Determine and
reconfirm the center with a tape and level instrument, then fit the first suspender-pair at the center of the
bridge. To avoid excessive load on the center suspender during erection time, bind all cables (spanning and
main cables) together as shown in the sketch below with a security rope.

=] = Main
o — ——{g"
Cables
) Turnbuckle
The security rope
supports the Security
suspender in the le— Suspenders —» Rope
middle during
erection work. [ Crossheam
\ Spanning /
Cables

Central Suspender

l

Pre Tension for Spanning Cables

Tighten the spanning cable to some extent; now the cables are ready to be fixed to the suspenders.
Sketches and Procedures for Fitting Operations:

Fitter for
Suspender -
FITTER ain
- Cables
MAIN

Rope

Loop
CABLE Cable of —— Fitter LR
Pulling Machine Platform Cable of
Pulling Machine
Suspender
Gauged Stick SUSPENDER ’L .
Pulling F /AL Fitter for
_"l 4 [ B F
Machine ross beam If there is only one |
. Z “ n .l Main Cable
— gzzlllenmg the Hook can |
n ! |
Towards the Le Cross Beam be hung on |

" (d- Bolt fitted) _the Cable itself

e Start the fitting work from both sides of the bridge and work towards the center of the bridge;
e Fix one cable car on top of the main cables and one on top of the spanning cables;
e Fix the first two suspenders to the main cables at the prescribed distance from the tower;

e Lift the spanning cable until the suspenders can be connected with the threaded rod of the walkway
crossbeam.

Note: The first crossbeam at the bridge entrance is fitted without a suspender (see Drw. No. 19Ncon).
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Short Span Trail Bridge Standard Suspension Type Volume 1

In order that the suspenders are fixed exactly 1m apart, use gauged sticks for exact fitting;

Re-adjust the spanning cables from both the banks as the suspenders are being fitted;

After fitting ten pairs of suspenders, check the distances to the tower and to the center;

Adjust only inaccuracies by moving the crossbeams;

Gradually start fitting the center row only with standard steel deck panels as shown in Drawing No. 19
Ncon.

When the center is reached, there will be some extra length of spanning cable. For adjusting this, pull
the spanning cables from both the banks with the tirefor machine through the loose J-hooks. Make sure that
the middle row of the steel deck is fitted when doing this work.

e When all the suspenders have been fixed, tighten the spanning cables with the cable pulling machine as
much as possible before fitting the 2" G.1I. pipes below the crossbeams and before fitting the rest of the
steel deck panels.

e Fix the handrail cables by pulling them through the suspender-rings just above the suspender turnbuckle,
and secure them to the handrail posts by winding the cable end twice around the post.

Fitting the 2" G.I. Pipes :

Two 2" G.I. pipes have to be mounted from below to the steel deck cross beams. This provides
additional vertical but also lateral stability to the entire walkway. These pipes can also be used for
transferring water across the river as per local requirement.

- |
= 1- fi
LT

The G.I. pipes have to be fitted before the outer rows of the steel decks are mounted in the following way:

e Lay two pipes of 6m length end to end on the ground and join them together firmly. Use a 2" die set and
jute threads to make the joint water tight.

e In the same way, also fix half of the "union" at each end of the 12m piece.

e Now carry the 12m pipe to the bridge, pass it through the suspenders by securing it with nylon ropes
until the entire 12m piece is on the outside of the suspenders.

e Now bring the pipe into proper position underneath the walkway, and secure it immediately with the U-
clamps and join it with the "union".

e In case a union coincides with a crossbeam, cut the pipe and make a new thread with the die set.

This work requires special attention. While passing the pipe outside the suspenders, several workers are
necessary and sufficient ropes are required to secure the pipe at all times.
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APPENDIX N: COST ESTIMATE



Footbridge Overall Cost Estimate

Overall Estimate

Iltem Total Cost Actual Cost (Donations Subtracted)
Materials $40,417.77 35,381.15
Labor $22,028.00 $2,720.00
Equipment $4,625.97 $4,625.97
Total $67,071.74 $42,727.12




Site Preparation Estimate

Material Estimate

Material Description

| # of Material Units | Price/Unit | Cost of Materials | Transportation Costs | Total Cost |Donated?| Actual Cost

2"x6"x12" lumber (ea.) 36 $1.80 $64.80 $125.00 $189.80 N $189.80
4'x8' Corrugated Plastic (ea.) 23 $6.20 $142.60 $125.00 $267.60 N $267.60
16-D Nails (lIb) 10 $2.00 $20.00 0 $20.00 N $20.00
Labor Estimate

Labor Description # of Laborers | Hrs/Laborer | Wage of Laborer | Cost of Labor | Total Cost | Donated? | Actual Cost
Surveyor (P.M.) 1 8 $10.00 $80.00 $80.00 N $80.00
Site Clearing 10 56 $2.50 $1,400.00 $1,400.00 Y $0.00
Carpentry 10 8 $2.50 $200.00 $200.00 Y $0.00
Horse 1 56 $0.50 $28.00 $28.00 Y $0.00

Equipment Estimate

Equipment Description

# of Equipment Units | Price/Unit | Cost of Equipment

| Transportation Costs | Total Cost | Donated?l Actual Cost

Chainsaw

Survey Equipment
Axes

Machetes

Tow chains/straps
Hammers (16 o0z.)

1

1
3
8
1
8

$300.00
$300.00
$18.00
$3.50
$65.00
$8.79

$300.00
$300.00
$54.00
$28.00
$65.00
$70.32

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$300.00
$300.00
$54.00
$28.00
$65.00
$70.32

N
N
N
N
N
N

Total

$300.00
$300.00
$54.00
$28.00
$65.00
$70.32

$1,374.72




Foundation Estimate

Material Estimate

Material Description

# of Material Units | Price/Unit | Cost of Materials | Transportation Costs | Total Cost |Donated?| Actual Cost

Cement (42.5kg bag)
Sand (m3)

Gravel (ton)

Masonry Block (yd®)
#3 Steel Rebar (ft)

#5 Steel Rebar (ft)
3/4" Plywood (4'x8' sheets)
2"x6"x12' lumber (ea.)
Nails 16-D (Ib)
Tie-wire (100-Ib)

Form oil (gal)

Steel Assembly*

687
70
141
75
394
180

$8.00
$13.90
$15.95
$25.00
$0.18
$0.33
$9.50
$1.80
$2.00
$31.00
$19.75
$936.65

$5,496.00
$973.00
$2,248.95
$1,875.00
$70.92
$59.40
$38.00
$§7.20
$10.00
$31.00
$39.50
$936.65

$595.00
$700.00
$805.00
$595.00
$35.00
$35.00
$0.00
$0.00
$0.00
$0.00
$0.00
$125.00

$6,091.00
$1,673.00
$3,053.95
$2,470.00
$105.92
$94.40
$38.00
$7.20
$10.00
$31.00
$39.50
$1,061.65

N

2 2 2 2222222 2

$6,091.00
$1,673.00
$3,053.95
$2,470.00
$105.92
$94.40
$38.00
$7.20
$10.00
$31.00
$39.50
$1,061.65

Labor Estimate

Labor Description

# of Laborers

| Hrs/Laborer | Wage of Laborer |

Cost of Labor

| Total Cost | Donated?l Actual Cost

Excavating

Bricklayers

Concrete Mixers

Concrete Pourers
Backfilling/Grading

Steel Assembly/Finish Work
Project Manager

10
10
4

10

96
160
64
64
24
32
32

$2.50
$2.50
$2.50
$2.50
$2.50
$2.50
$10.00

$2,400.00
$4,000.00
$640.00
$640.00
$120.00
$800.00
$320.00

$2,400.00
$4,000.00
$640.00
$640.00
$120.00
$800.00
$320.00

Y

Z < < < < =<

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$320.00




Foundation Estimate Cont.

Equipment Estimate

Equipment Description

# of Equipment Units | Price/Unit | Cost of Equipment

| Transportation Costs | Total Cost | Donated?l Actual Cost

Metal Hacksaw
Replacement blade

Wheel barrow

Chute

Metal Bucket

Pick axes

Sledge Hammer

Spade Shovels

Hand Trowels

Level (Plumb-Bob)

Measuring Tape

Water Pump (ea., 2" outlet)

Pionjar Chisel/Vibrator
(month)

2
12

N

$11.50
§2.75
$78.00
$27.00
$8.50
$26.00
$28.50
$16.80
$13.50
$6.50
$14.40
$494.00

$231.63

$23.00
$33.00
$312.00
$27.00
$51.00
$52.00
$57.00
$134.40
$27.00
$6.50
$28.80
$494.00

$463.26

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0.00

*Includes cost of material and labor for fabrication. See Foundation Steel Components Estimate.

$23.00
$33.00
$312.00
$27.00
$51.00
$52.00
$57.00
$134.40
$27.00
$6.50
$28.80
$494.00

$463.26

N

2 2 2 2 222222 2

=2

$23.00
$33.00
$312.00
$27.00
$51.00
$52.00
$57.00
$134.40
$27.00
$6.50
$28.80
$494.00

$463.26

Total $16,704.58




Anchorage Estimate

Material Estimate

Material Description # of Material Units | Price/Unit | Cost of Materials | Transportation Costs | Total Cost | Donated? | Actual Cost
Cement (42.5kg bag) 352 $8.00 $2,816.00 $315.00 $3,131.00 N $3,131.00
Sand (m®) 32 $13.90 $444.80 $315.00 $759.80 N $759.80
Gravel (ton) 106 $15.95 $1,690.70 $350.00 $2,040.70 N $2,040.70
3/4" Plywood (4'x8' sheets) 4 $9.50 $38.00 $0.00 $38.00 N $38.00
2"x6"x12' lumber (ea.) 4 $1.80 $7.20 $0.00 $7.20 N $7.20
Nails 16-D (lb) 5 $2.00 $10.00 $0.00 $10.00 N $10.00
Form oil (gal) 1 $19.75 $19.75 $0.00 $19.75 N $19.75
Steel Assembly* 1 $2,359.19 $2,359.19 $215.00 $2,574.19 N $2,574.19

Labor Estimate
Labor Description # of Laborers | Hrs/Laborer | Wage of Laborer | Cost of Labor | Total Cost | Donated? | Actual Cost
Excavating 10 64 $2.50 $1,600.00 $1,600.00 Y $0.00
Formwork 4 16 $2.50 $160.00 $160.00 Y $0.00
Concrete Mixers 4 48 $2.50 $480.00 $480.00 Y $0.00
Concrete Pourers 4 48 $2.50 $480.00 $480.00 Y $0.00
Backfilling/Grading 2 32 $2.50 $160.00 $160.00 Y $0.00
Steel Assembly 10 32 $2.50 $800.00 $800.00 Y $0.00
Project Manager 1 48 $10.00 $480.00 $480.00 N $480.00
Equipment Estimate

Equipment Description # of Equipment Units | Price/Unit | Cost of Equipment | Transportation Costs | Total Cost | Donated? | Actual Cost
Wood Handsaw 4 $16.49 $65.96 $0.00 $65.96 N $65.96
Wrench set 2 $47.80 $95.60 $0.00 $95.60 N $95.60
Framing square 2 $18.00 $36.00 $0.00 $36.00 N $36.00

Total $9,258.20
*Includes cost of material and labor for fabrication. See Anchorage Steel Components Estimate.




Tower Estimate

Material Estimate

Material Description # of Material Units | Price/Unit | Cost of Materials | Transportation Costs | Total Cost | Donated? | Actual Cost
Base Assembly* 1 $411.76 $411.76 $215.00 $626.76 N $626.76
Intermediate Assembly* 1 $2,433.67 $2,433.67 $0.00 $2,433.67 N $2,433.67
Top Assembly* 1 $249.55 $249.55 $0.00 $249.55 N $249.55
Saddle Assembly* 1 $239.76 $239.76 $0.00 $239.76 N $239.76
Anti-Corrosion Paint (gal) 3 $27.95 $83.85 $0.00 $83.85 N $83.85
Labor Estimate
Labor Description | # of Laborers | Hrs/Laborer | Wage of Laborer | Cost of Labor | Total Cost | Donated? | Actual Cost
Assemble Towers 10 32 $2.50 $800.00 $800.00 Y $0.00
Tower Erection 10 32 $2.50 $800.00 $800.00 Y $0.00
Project Manager 1 64 $10.00 $640.00 $640.00 N $640.00
Equipment Estimate
Equipment Description | # of Equipment Units | Price/Unit | Cost of Equipment | Transportation Costs | Total Cost | Donated? | Actual Cost
High Test Chains/Hooks 4 $154.78 $619.12 $0.00 $619.12 N $619.12
Pulley Blocks (5 ton) 2 $39.99 $79.98 $0.00 $79.98 N $79.98
Pulley Machine (3.2 ton) 1 $249.99 $249.99 $0.00 $249.99 N $249.99

Total $5,222.68

*Includes cost of material and labor for fabrication. See Tower Steel Components Estimate.




Main and Spanning Cables, Suspenders, and Walkway Estimate

Material Estimate

Material Description

| # of Material Units | Price/Unit | Cost of Materials | Transportation Costs | Total Cost

Donated? | Actual Cost

Main Cable (ft), d=1 3/8"
Spanning Cable (ft), d=1"
Fixiation and Handrail
Cables, d=1/2"

Wire Rope Thimbles
Bulldog Grips

Suspenders Steel
Assembly*

Walkway Steel Assembly*
Lumber (2"x6"x8' ea.)
Wire Mesh netting (4'x12'
ea.)

3" Deck Screws (Ib)

594 $5.23 $3,106.62
386 $2.96 $1,142.56
772 $1.02 $787.44
1 $79.68 $79.68

1 $308.68 $308.68

1 $1,035.23 $1,035.23

1 $245.91 $245.91
177 $1.20 $212.40
31 $37.00 $1,147.00
25 $2.72 $68.00

$0.00
$0.00

$0.00
$4,487.00
$0.00

$125.00

$90.00
$125.00

$90.00
$0.00

$3,106.62
$1,142.56

$787.44
$4,566.68
$308.68

$1,160.23

$335.91
$337.40

$1,237.00
$68.00

Y
Y

2

=2

$0.00
$0.00

$0.00
$4,566.68
$308.68

$1,160.23

$335.91
$337.40

$1,237.00
$68.00

Labor Estimate

Labor Description

# of Laborers | Hrs/Laborer | Wage of Laborer |

Cost of Labor

| Total Cost | Donated?l Actual Cost

Hoisting Main Cables
Hoisting Spanning Cables
Suspenders Set-up
Suspenders Installation
Walkway Installation
Project Manager

10 24 $2.50
10 8 $2.50
10 32 $2.50
10 40 $2.50
10 48 $2.50

1 120 $10.00

$600.00
$200.00
$800.00
$1,000.00
$1,200.00
$1,200.00

$600.00
$200.00
$800.00
$1,000.00
$1,200.00
$1,200.00

Y

Y
Y
Y
Y
N

$0.00
$0.00
$0.00
$0.00
$0.00
$1,200.00




Main and Spanning Cables, Suspenders, and Walkway Estimate Cont.

Equipment Estimate

Equipment Description | # of Equipment Units | Price/Unit | Cost of Equipment | Transportation Costs | Total Cost | Donated? | Actual Cost
Come Along (2 ton) 4 $24.99 $99.96 $90.00 $189.96 N $189.96
Rope (100ft) 4 $9.99 $39.96 $0.00 $39.96 N $39.96
Hooks 4 $4.79 $19.16 $0.00 $19.16 N $19.16
Pulley Machine (1760 Ib) 4 $149.00 $596.00 $0.00 $596.00 N $596.00
Pulley Blocks (4 ton) 4 $19.99 $79.96 $0.00 $79.96 N $79.96
Screwdrivers 8 $3.50 $28.00 $0.00 $28.00 N $28.00

Total $10,166.94

*Includes cost of material and labor for fabrication. See Suspenders and Walkway Steel Components Estimate.




Foundation General Material Calculations

CONCRETE
Total Cement Sand (m?) Gravel
Material Volume (42.5 kg Reauired (m3)
(m3) bags) q Required
Plumb 56.4 175 15.79 30.46
Concrete
Lean 2.41 9 0.72 1.21
Concrete
Reinforced 9.82 74 4.47 8.35
Concrete
Block
Stone 28.41 85 14.21 n/a
TOTAL of Foundation 344 35.19 40.01
TOTAL for Block Stone (C :zmsellzt Sand Gravel
Both (vd?) bags). | (™9 (ton)
Foundations s 87 20 141
REINFORCEMENT
Type of Re-
Bar # 3 Re-Bar (ft) # 5 Re-Bar (ft)
TOTAL .of 197 90
Foundation
TOTAL for
Both 394 180
Foundations
Also: 100 Ib Tie-Wire
FORMWORK
Total Area Plywood Lumber Nails, 16-
(ft2) (4'x8'x3/4") | (2"x6"x12") D (Ib)
TOTAL of 130 4.0625 3375 3
Foundation
TOTAL for Both
. 4 4 3
Foundations

Also: 1 gal Form-0il




Foundation Steel Components Estimate

Part | Description Quanti Quantity Cuts Drills Paint Weight
No. (mm) ty for Bridge (ft) (ea.) (ft2) (Ib)
Angle
la 80/80/8, 2 4 5 8 4.8 28.2
1=400
Flat 40/6,
1b 121200 2 4 0.52 0 4.8 18
Rod d=32,
1c 1=1270 1 2 0.2 0 2.4 34
1d Platfzdgw' 2 4 0 4 0 0.8
Rod d=16,
1=630 (50
2 mm M16 4 8 0 0 0 17.6
thread)
Rod d=16,
1=155 (25
3 mm M16 14 28 0 0 2.8 14
thread)
4a Plate 12 24 8.64 24 9.6 38.4
150/110/6 ' ‘ '
Plate
4b 230/200/6 4 8 5.2 0 0 32
Channel
4c ISMC 75- 4 8 1.92 40 32 256
2450
Rod d=24,
4d 1=150 4 8 0.56 0 0.8 8.8
Open
4e Thimble 4 8 0 0 0 0
(13mm)
Plate
4f 100/60/6 4 8 2.08 8 0.8 4
Channel
5 ISMC 200- 2 4 2.6 8 0 88
505
Rod d=32,
1=830 (90
6a mm M30 4 8 0 0 0 88
thread)
Plate
6b 60/60/20 4 8 1.6 8 0 7.2
Hexagonal
7 nut M30 17 34 0 0 0 17
g  Plated=70, 5 10 0 10 0 7.5

t=16




Foundation Steel Components Estimate (Continued)

Part | Description Quanti Quantity Cuts Drills Paint Weight
No. (mm) ty for Bridge (ft) (ea.) (ft2) (Ib)
Plate
9a 505,/250/32 2 4 3.2 8 12 260
Plate
9b 325/30/32 2 4 0.36 0 1.2 20
Square bar
9c 20,1=50 2 4 0.26 0 0 2
Rod d=16,
1=171 (30
10 mm M16 5 10 0 0 0 5.5
thread)
Plate
11a 500/160/6 2 4 2.4 24 0 28.8
Channel
11b ISMC 4 8 2 0 0 60.8
75-500
Plate
11c 150/90/6 2 4 1.16 8 0 5.2
11d 100/90/6 4 8 2.32 16 0 7.2
Rod d=25,
12a | 1=1400 (M24 4 8 0 0 0 88
threads)
120 | Flacs0/6, 4 8 1.28 8 0 1.6
1=50
Angle
13 50/50/6, 4 8 1.28 16 0 30.4
1=395
Rod d=16,
1=147 (30
14 mm M16 5 10 0 0 0 2.5
thread)
Rod d=62,
15 12150 2 4 2.624 0 1.2 22
Angle
16 50/50/6, 2 4 0.64 24 0 46
1=1200
Angle
17 50/50/6, 1 2 0.32 32 0 34
1=1811
1g ~ Flat40/6, 1 2 0.26 8 0 8.6

1=1020




Foundation Steel Components Estimate (Continued)

Part | Description Quantit Quantity Cuts Drills Paint Weight
No. (mm) Y for Bridge (ft) (ea.) (ft2) (Ib)
Rod d=16,
19a  1=976 (35mm 2 4 0 0 2 12.8
M16 thread)
Washer d=18,
19b 1S 6610 4 8 0 0 0 4.4
Angle
20a 40/40/6, 4 8 1.2 8 0 20
1=330
Angle
20b 40/40/6,1=60 4 8 1.2 8 0 3.6
Rod d=20,
21 121723 2 4 0.28 0 0.4 36
Hexagonal nut
22 M16 1S 1363 65 130 0 0 0 7.8
Washer d=18,
23 1S 6610 15 30 0 0 0 1.8
Hexagonal
Screw
24 M16x40, 1S 21 42 0 0 0 8.82
1363
Hexagonal nut
25 M24, 1S 1363 21 42 0 0 0 9.24
Bulldog Grip
26 d=13 13 26 0 0 0 0
Bulldog Grip
27 d=26 10 20 0 0 0 0
Open Thimble 2
28 ) 4 0 0 0 0
FASTENING HARDWARE
CABLE FIXATION HARDWARE
Cuts (ft) Drills (ea.) Paint (ft2) Weight (Ib)
TOTALS 49 270 75 1,387




Foundation Welding Details

... uanti
Part No. D?frcll;lrf)lﬂ)o n Quantity 2 for v W(c;gl S
Bridge

1 6 (1/4") fillet 1 2 5
4 6 (1/4") fillet 2 4 117.04
6 6 (1/4") fillet 1 8 2.36
9 6 (1/4") fillet 1 8 16.96
9 12 (1/2") fillet 1 4 10.88
11 4 (1/8") fillet 1 4 24.24
12 4 (1/8") fillet 1 8 2.36
19 6 (1/4") fillet 2 4 2.36
20 4 (1/8") fillet 1 8 1.52

TOTAL 182.72

Cost of Steel :
$1100/ton
Cost of Fabrication:

Cutting - (320 ft/day)

3 steelworkers @

Drilli

ng - (300 ea./day) $2.50/hour per

Painting - (1.1 tons/day)

steelworker, 8 hour

Welding -(150 ft/day) workday
Cuts Drills Paint Weight Welds
(fo (ea) (ft2) (ton) (f
Totals 49 270 75 0.69 183
Labor Costs $9.21 $54.00 | $37.64 $73.20
Time (days) 0.15 0.90 0.63 1.22
Cost Time Required for
Material Labor Fabrication (Days)
$762.61 $174.04 2.9

TOTAL Foundation Assembly Cost

$936.65




Anchorage General Material Calculations

CONCRETE
Tvpe of Total Cement Gravel
Coi?crete Volume (42.5kg Sand (m3) (m?)
(m3) bags)
Plumb 55.39 172.03 15.51 29.91
Concrete
Lean Concrete 0.38 4.08 0.11 0.19
TOTAL 55.77 176.11 15.62 30.10
Block Cement Gravel
TOTAL for Stone (42.5kg Sand (m3)
(ton)
Both Anchors | (m3) bags)
n/a 352 32 106
FORMWORK
TA?.Z? Plywood Lumber lizl_l[s)’
(ft2) (4'x8'x3/4") | (2"x6"x12") (1b)
TOTAL | 244 7.625 3.20833333 3
TOTAL for Both Plywood Lumber liz;llls),
or bo 4'x8'x3/4")  (2"x6"x12' i
Anchors ( /4 ) (Ib)
4 4 3

Also: 1 gal form-oil




Anchorage Steel Components Estimate

l;?gj[ Description (in mm) Quantity foQ;lgI;;c(lige Cuts (ft) ?Z;lll)s P(?tlzl;t W(eli)%ht
la | Flat80/6,1=500 4 8 2.08 48 6.4 40.8
1b | Flat160/10,1=1100 8 16 8.32 128 57.6 440
1c | IS Square bar 801=150 4 8 6 8 3.2 88.8
1d | Rod d=10,1=110 8 16 0.48 0 0 27.2
le  Rod d=45,1=1000 (600mm M45 thread) 4 8 0 0 0 188
1f  Hexagonal Nut M45 4 8 0 0 1.2
2 Flat40/6,1=460 4 8 1.04 32 0 13.6
3a | Channel ISMC 200-500 4 8 5.28 8 20 186.4
3b | Plate 183/60/10 8 16 9.6 0 4.8 4.8
3c | Plate 480/180/8 4 8 4.72 8 6.4 88
3d | Plate 200/66/10 8 16 10.4 0 4.8 35.2
3e | Plate 220/100/12 8 16 5.12 16 4.8 59.2
4 Pin d=90, 1=180 2 4 1.08 0 0 70
5 Split pin d=8, 1=150 4 8 0 0 0 0.96
6a | Channel ISMC 125-1000 8 32 13.12 320 0 864
6b | Plate 120/120/6 8 32 12.8 128 0 44.8
7 Flat40/6,1=1160 4 8 1.04 32 0 37.6
8 Angle 50/50/6,1=530 4 8 1.28 48 0 48.8
9 Flat 100/10,1=1700 16 32 10.56 256 0 928
10 | Angle 50/50/6,1=1500 2 4 0.64 24 0 66
11 | Angle 50/50/6,1=1490 2 4 0.64 28 0 58
12 | Angle 50/50/6,1=1400 2 4 0.64 28 0 54
13  Hexagonal Nut M45 13 26 0 0 0 54.6
14  Hexagonal Bolt M12x40 IS 1363 75 150 0 0 0 18
15  Hexagonal bolt M16x60 IS 1363 100 200 0 0 0 60
16  Hexagonal nut M12 IS 1363 75 150 0 0 0 5.7
17  Hexagonal nut M16 IS 1363 100 200 0 0 0 14
18  Plain washer d=17 100 200 0 0 0 7
19 | Rod d=25,1=2650 2 4 0.36 0 0 98
FASTENING HARDWARE
CABLE FIXATION HARDWARE
Cuts (ft) Drills (ea.) | Paint (ft2) | Weight (Ib)
TOTALS 95 1112 108 | 3603




Anchorage Welding Details

l;art De.scription Quantity Qu?::lty Welds
0. (in mm) Bridge (ft)
1 6 (1/4") fillet 2 4 15.2
3 6 (1/4") fillet 2 4 30.4
3 8 (3/8") fillet 2 4 3.52
6 6 (1/4") fillet 16 32 52.48
Total 101.6
Cost of Steel :
$1100/ton

Cost of Fabrication:

Cutting - (320 ft/day)

Drilling - (300 ea./day)

Painting - (1.1 tons/day)

3 steelworkers @
$2.50/hour per
steelworker, 8 hour

Welding -(150 ft/day) workday
Paint Cuts Drills | Welds
(ft2) (ft) (ea) (ft)
Totals 102 95 1112 108
Labor Costs | $40.80 | $17.81 @ $222.40 $98.18
Time (days) | 0.68 0.30 3.71 1.64
Weight (ton) 1.8
Cost Time Required for
Material | Labor Fabrication (Days)
$1,980.00 | $379.19 6.32

TOTAL Anchorage Assembly Cost

$2,359.19




Total Tower Fabrication Costs

Total
Cuts | Drills . Weight | Weldin
Paint (ftz
(f) | (ea) aint (ft?) (tons) | g (f0)
152.8
TOTAL 3 1968 891.50 2.44 518.34
COST 28.66 393.6 133.02 2682.52 | 207.34
(%) 0
Ti
me 048 | 219 2.22 3.46
(days)
Total Tower Steel
Assembly Cost | $3,334.74
Base Element
Drills . Weight Welding
Cuts (ft) (ea.) Paint (ft2) (tons) (ft)
TOTALS 44.05 80 110.83 0.31 147.00
Tower Base Steel Assembly Cost $411.76
Intermediate
Element
Drills . Weight Welding
Cuts (ft) (ea.) Paint (ft2) (tons) (ft)
TOTALS 56.69 1504 674.23 1.81 220.68
Tower Intermediate Steel
Assembly Cost | $2,433.67
Top Element
Drills . Weight Welding
Cuts (ft) (ea.) Paint (ft2) (tons) (f6)
TOTALS 2.56 232.00 60.98 0.17 32.72
Tower Top Steel Assembly Cost $249.55
Saddle
Drills . Weight Welding
Cuts (ft) (ea.) Paint (ft2) (tons) (ft)
TOTALS 49.53 152 45.46 0.15 117.94
Tower Saddle Steel Assembly Cost $239.76




Tower Base Components Estimate

_— Quantity . . .
Description . Cuts Drills Paint Weight
Part No. . Quantity for )
(in mm) Bridge (ft) (ea.) (ft2) (Ib)
Angle
B-1a 65/65/6 8 16 18.1 80 66.1 311.5
1=1551.5
Rod ¢ 14
B-1b mm 1= 4 8 0 0 0.0 31.2
1461
B-1c Plate 4 8 7.1 0 9.3 43.9
270/200/6 ' ' '
Plate
B-1d 200/197.5/6 4 8 5.2 0 6.8 29.1
Plate
B-1e 250/103.5/6 4 8 2.7 0 4.5 15.7
Plate
B-1f 388/60/6 8 16 3.1 0 8.0 38.4
Plate
B-1g 60/48/6 4 8 1.6 0 0.5 2.3
Plate
B-1h 240/150/6 2 4 2.0 0 3.1 15.0
. Plate
B-1i 334.5/150/6 4 8 3.0 0 8.6 94.9
IS heavy
. tube 0.D. ¢
B-1j 483 4 8 1.3 0 4 11.6
1=150
Friction grip
B-2 bOItggm LR 84 0 0 0 22.2
IS 3757-8.8
Friction grip
B-3 nut M 16 42 84 0 0 0 8.7
IS 6623-8
Washer 'A’
B-4 17 IS 45 90 0 0 0 2.8
6649
FASTENING HARDWARE
Drills Paint Weight
Cuts (ft) | (ea.) (ft2) (1b)
TOTALS 44 80 111 627




Tower Base Estimate Welding Details

Description | Welding
(in mm) (ft)
2x4_ 4 7.8736
2x6_6 65.6248
Totals 73.4984
Cost of Steel :
$1100/ton
Cost of Fabrication:
Cutting - (320 ft/day) 3 steelworkers @
Drilling - (300 ea./day) $2.50/hour per
Painting - (1.1 tons/day) steelworker, 8 hour
Welding -(150 ft/day) workday
Cuts Drills Paint Weight | Welds
(f) (ea) (ft2) (ton) (ft)
Totals 44 80 111 0.31 74
Labor
Costs $8.25 | $16.00 | $16.91 $29.60
Time
(days) 0.14 0.27 0.28 0.49
Cost Time Required for
Material | Labor Fabrication (Days)
$341.00 $70.76 1.18

TOTAL Base Assembly Cost

$411.76




Tower Intermediate Steelparts Estimate

Description . Quantity Cuts Drills Paint | Weight
PartNo. | = i mm) QUMY o Bridge (fY) (ea) | (f5) | (b)
Angle
[-1a 65/65/6 16 64 13.6 640 316.1 1499.8
1=1850
Rod g 14
I-1b mm 8 32 0 0 32.8 184.8
1=2164
Rod ¢ 14
I-1c mm 1 8 32 0 0 38.4 216.6
= 2536
Rod ¢ 10
[-2a mm 4 16 0 0 20.1 81.1
1=3709
Angle
I-2b 60/40/6 8 32 6.3 128 162.2 773.2
1=2505
Plate
I-3 380/296/6 4 16 15.5 224 38.7 182.0
Angle
-4 80/80/8 8 32 8.4 320 39.8 247.6
1=380
Plate
I-5 380/62/6 8 32 6.5 128 16.2 75.5
Plate
I-6 240/240/6 2 8 6.3 64 9.9 46.4
Friction grip
-7 b"lt%m X 193 772 0 0 0 204.2
IS 3757-8.8
Friction grip
[-8 nut M 16 193 772 0 0 0 80.0
IS 6623-8
Washer 'A’
-9 17 IS 6649 193 772 0 0 0 23.8
FASTENING HARDWARE
Drills Paint Weight
Cuts (ft) (ea.) (ft2) (1b)
TOTALS 57 1504 674 3615




Tower Intermediate Welding Details Estimate

Description Welds
Part No. (in mm) (ft)
partI-1 2x6_6 80.3344
part[-2 2x6_6 30.0064

Totals 110.3408
Cost of Steel :
$1100/ton
Cost of Fabrication:

Cutting - (320 ft/day)

Drilling - (300 ea./day)

Painting - (1.1 tons/day)

3 steelworkers @
$2.50/hour per
steelworker, 8 hour

TOTAL Intermediate Assembly Cost

$2,433.67

Welding -(150 ft/day) workday
Drills Weight Welds
Cuts (ft) (ea.) Paint (ft2) (ton) (ft)
Totals 57 1504 674 1.8 110
Labor
Costs $10.69 | $300.80 $98.18 $44.00
Time
(days) 0.18 5.01 1.64 0.68
Cost Time Required for
Material | Labor Fabrication (Days)
$1,980.00 | $453.67 7.51




Tower Top Element Steel Components Estimate

I Quantity . . .
Description . Cuts Drills Paint | Weight
Part No. (in mm) Quantity . rfi(:irge (ft) (ea.) (ft2) (Ib)
Angle
T-1a 60/40/6 4 8 1.6 32 25.7 122.8
1=1590
Rod g 10
T-1b mm 1 2 4 0 0 3.4 13.8
= 2536
Plate
T-2 420/360/6 4 8 0 120 22.9 107.9
T-3 Plate 8 16 0 64 6.4 32.1
310/65/6
Friction grip
T4 | POt 2%16 X 60 120 0.0 0 0.0 31.7
IS 3757-8.8
Friction grip
T-5 nutM 16 60 120 0.0 0 0.0 12.4
IS 6623-8
Washer 'A’
T-6 17 IS 60 120 0.0 0 0.0 3.7
6649
Angle
T-7 75/50/6 2 4 1.0 16 2.5 11.5
1 =240

FASTENING HARDWARE

Drills Paint Weight
Cuts (ft) | (ea) (ft2) (1b)
TOTALS 3 232 61 336




Tower Top Element: Welding Details Estimate

Description | Welds
Part No. (in mm) (ft)
T-1 2x6_6 16.36
Total 16.36
Cost of Steel :
$1100/ton
Cost of Fabrication:
Cutting - (320 ft/day) 3 steelworkers @
Drilling - (300 ea./day) $2.50/hour per
Painting - (1.1 tons/day) steelworker, 8 hour
Welding -(150 ft/day) workday
Cuts Drills Paint Weight | Welds
(ft) (ea.) (ft2) (ton) (ft)
Totals 3 232 61 0.17 16
Labor
Costs $0.48 | $46.40 $9.27 $6.40
Time
(days) 0.01 0.77 0.15 0.11
Cost Time Required for
Material Labor Fabrication (Days)
$187.00 $62.55 1.04
TOTAL Top Assembly Cost
$249.55




Tower Saddle Element Steelparts Estimate

i Quantity . . .
Description . Cuts Drills Paint Weight
Part No. . Quantity for )
(in mm) Bridge (ft) (ea.) (ft2) (Ib)
Plate
S-1a 170/65/6 8 16 3.4 32 3.8 16.6
Plate
S-1b 286/170/6 4 8 45 48 8.4 39.7
Plate
S-1c 388/202/8 4 8 10.2 0 135 76.7
S-1d Plate 2 4 1.9 0 1.8 6.3
144/144/6
S-1e Plate 2 4 1.9 8 2.4 23.0
388/144/6
S-1f Plate 4 8 10.3 0 15 10.4
391/90/8 : : :
S-1g Plate 2 4 5.6 16 6.3 44.6
430/170/12
S-1h Plate 4 8 3.1 16 13 8.1
120/50/14
S-1i Plate 8 16 6.4 16 4.2 28.6
122/100/10
S-2 Plate 2 4 2.2 16 23 25.7
170/120/20
Friction grip
bolt M 20 x
s-3 120 IS 9 18 0 0 0 15.1
3757-8.8
Friction grip
S-4 nut M 20 9 18 0 0 0 3.1
IS 6623-8
Washer 'A'
S-5 21 IS 9 18 0 0 0 0.8
6649
S-6 Cotter pin 9 18 0 0 0 0.1
FASTENING HARDWARE
Drills Paint Weight
Cuts (ft) | (ea.) (ft2) (1b)
TOTALS 49.53 | 152.00 | 45.46 298.80




Tower Saddle Element Steelparts Estimate

PartNo, | Description | Welding
S-1-6 2x8_8 18.7392
S-1-6 2x6_6 32.2512
S-1-6 5 7.0368
S-1-6 3 8.9232

Total 66.9504
Cost of Steel :
$1100/ton
Cost of Fabrication:

Cutting - (320 ft/day)
Drilling - (300 ea./day)
Painting - (1.1 tons/day)

3 steelworkers @
$2.50/hour per
steelworker, 8 hour

Welding -(150 ft/day) workday
Drills Paint Weight | Welds
Cuts (ft) (ea.) (ft2) (ton) (ft)
Totals 50 152 45 0.15 67
Labor $9.38 $30.40 | $8.18 $26.80
Costs
Time 0.16 0.51 0.14 0.45
(days)
Cost Time Required for
Material Labor Fabrication (Days)
$165.00 | $74.76 1.25

TOTAL Saddle Assembly Cost
$239.76




Cables General Material Calculations

Price/ | Transpor | Costof | Total Donated Actual
Material Description | QTY | Unit tation Mat'ls Cost ” Cost
() | Costs($) ($) (%) ' (%)
2 EA. (1-
3/8")X297
ft 6x37
Main Cable (ft) IWRC 594 | 5.23 3126'6 7533'6 Y 0
Drawn
Galvanized
EIPS
Spanning 2ea.1"X 1142.5 | 1142.5
Cable (ft) 193f | 586 296 6 6 Y 0
Fixiation and 4 ea. (x2)
Handrail 1/2"X193 | 772 1.02 787.44 | 787.44 Y 0
Cables ft
1-3/8" Forged 4487
Wire Rope 28 6.95 194.60 | 194.60 Y 0
Clips
1" Forged 20 | 4.00 80.00 | 80.00 Y
Clips
1/2" Forged 24 | 142 34.08 | 34.08 Y 0
Clips
1-3/8" Heavy
Duty Thimble 4 12.93 51.72 51.72 Y 0
1" Heavy Duty
Thimble 4 5.43 21.72 21.72 Y 0
1/2" Heavy
Duty Thimble 8 0.78 6.24 6.24 Y 0
54249 | 99119
Total 4487 8 8 4566.6




Material Transportation Costs

. Unit Weight Length . Weight Weight
Material (Ibs/ft) (f0) Welgsht/pc Pcs (Ibs) (tons)
Main Cable (ft) 3.5 594 2079 1.040
Spanning Cable 1.85 386 714.1 0.357
(f
Fixation and
Handrail Cables 0.46 772 355.12 0.178
1-3/8" forged 4.6 28 | 1288 0.064
wire rope clips
1" forged clips 2.6 20 52 0.026
1/2" forged clips 0.8 24 19.2 0.010
1-3/8" heavy
duty thimble 12.95 4 51.8 0.026
1"heavy duty 3.139 4 | 12556 0.006
thimble
1/2" heavy duty
thimble 0.51 8 4.08 0.002
Total | 3416.66 1.708
From Virginia to Panama City
Total (Dollars) | 4130 |
From Panama City to Tole
(Assume 1 trip in total)
Total (Dollars) | 322
From Tole to Chichica
Material Loading Capacity Trips Trips QTY Unit Price Price
(Tons/ trip) QTY /day (Dollars/ day) (Dollars)
Main Cable (ft) 1 1.04 3 35 12.13
Spanning Cable (ft) 1 0.36 3 35 4.17
Fixiation and Handrail Cables 1 0.18 3 35 2.07
1-3/8" forged wire rope clips 1 0.06 3 35 0.75
1" forged clips 1 0.03 3 35 0.30
1/2" forged clips 1 0.01 3 35 0.11
1-3/8" heavy duty thimble 1 0.03 3 35 0.30
1" heavy duty thimble 1 0.01 3 35 0.07
1/2" heavy duty thimble 1 0.00 3 35 0.02
Total (Dollars) 19.93
Total (Dollars) 35

Total Transportation Cost (Dollars) ‘ 4452 |




Suspenders Steel Components Estimate

Description . Quantity for Drills . ) Weight
Part No. (mm) Quantity Bridge Cuts (ft) (ea.) Paint (ft2) (1b)
Flat 40/10
la 1=254 1 90 _ _ _ 224.64
Rod @ 12 of
1b different _ 226 8.90 _ 116.91 493.175
lengths
1c F11a=t16150/1 1 90 19.20 270 11.7 102.978
Rod @ 12
1d 1=510 1 90 3.5433 _ 17.1 90.081
2 Plate 2 180 41.346 720 18 48.816
80/70/3 ) )
Hexagonal
Bolt M
3 16*90 IS 1.05 95 _ _ _ 35.211
1363
Hexagonal
4 NutM 16 IS 2.1 189 _ _ _ 13.334
1363
Hexagonal
Screw M
5 10%25 1S 4.2 378 _ _ _ 20.835
1363
Hexagonal
6 NutM 10 IS 4.2 378 _ _ _ 6.668
1363
FASTENING HARDWARE
Drills Paint
Cuts (ft) (ea.) (ft2) Weight (1b)
TOTALS 990 164 1036




Suspenders Welding Details Estimate

Description . Quantity Welds
Part No. (mm) Quantity for Bridge (ft)
8(3/8")
1b fillet 2 452 45.2
6 (1/4")
1c fillet 4 360 44.496
Total | 89.696
Cost of Steel :
$1100/ton
Cost of Fabrication:
Cutting - (320 ft/day) 3 steelworkers @
Drilling - (300 ea./day) $2.50/hour per
Painting - (1.1 tons/day) steelworker, 8 hour
Welding -(150 ft/day) workday
. . Weight Loops
2
Cuts (ft) Drills (ea.) Paint (ft2) (ton) Welds (ft) (loop)
Totals 73 990 164 0.00 89.696 226
Labor
Costs $13.68 $198.00 $0.00 ) $37.31 $188.33
Time
(days) 0.23 3.30 0.00 - 0.60 3.139
Cost Time Required for
Material Labor Fabrication (Days)
$569.66 | $465.58 8

TOTAL Suspenders Assembly Cost

$1,035.24




Walkway Components Estimate

Part Description Quanti Quantity Cuts Drills Paint Weight
No. (mm) ty for Bridge (ft) (ea.) (ft2) (Ib)
Angle
1-a 50/50/6 8 16 2.6 96 49.2 239.1
1=1520
Flat 65/6
1-b 1=156 4 8 1.7 24 1.7 7.9
Flat 65/6
1-c 1= 300 4 8 0.0 0 0.0 0.0
Flat 65/6
1-d 1=100 4 8 1.7 8 11.8 5.2
Flat 40/6
2 1=1720 4 8 1.0 24 4.5 571
Rod @16
3 1= 437 8 16 0 0 8.0 22.5
Flat 40/6
4 |=88 4 8 0.2 8 0.5 2.8
5 4 0 0 31 0.9
6 8 0 0 8.6 0.6
7 8 0 0 4 1.3
9 84 0 0 0 33
9 84 0 0 0 1.5
10 90 0 0 0 3.0
11 9m 0 0 0 0.0
Drills Paint
Cuts (ft) (ea.)) (ft2) Weight (1b)
TOTALS 9 160 95 361




Walkway Miscellaneous and Welding Details Estimate

Misc.
Description Quantity Cuts Drills
(in mm) for (ft) (ea.)
Bridge
Wire Mesh
Netting 31 _ _
(4x12 ft)
Longitudinal
planks
1=239cm 157.5  1234.674 185.2011
Thickness =
5cm
Nailing Strip
120/18/5¢m 45 177.12 26.568
TOTAL | 1411794 2117691
Welding Details:
Description (mm) Welds (ft)
4 mm fillet 11.182
Drills Paint Weight Welds
Cuts () | o) | (fi9) (tons) (ft)
TOTALS 8.95 160 94.80 0.18 11.18
Costs $ 1.68 32 198.85 4.47
Cost Time Required for
Material Labor Fabrication (Days)
$198.00 $47.91 0.80

TOTAL Walkway Assembly Cost

$245.91




Material and Equipment Within Panama

Supplier| Location of Supplier Supplier Information
Sanltlago, Amerl.ca Way http://www.cochezycia.com  775-
Cochez (Via Interamericana),
7864
Balboa Ave Panama
Material/Description Cost of Material | Unit of Material
General Purpose Portland Cement 8.9 per 42.5kg bag
Gravel 15.95 per 20cft
Sand 13.90 per 1 cubic m
Masonry Block 25.00 per cubic yard
Rebar, #3 5.00 #3 40' section
Plywood, 3/4"x4'x8' 9.50 per sheet
Southern Pine, 2"x6"x14' 2.00 per board
Tie Wire 30 per 100 Ib
16 Penny Nails 2.00 per pound
Wire Mesh Fencing, 4'x12' Section 37.00 per roll
Metal Surface Paint 27.95 per gallon
Transport from Santiago to Tole 90.00 pe.r trip, 2
trips/day
Supplier Location Supplier Information
Jessica Rudder Chichica Peace Corp Volunteer
Objective Cost/Day |  Trips/Day
Transportation from Tole to Chichica $45.00 2
Supplier Location Supplier Information
Hopsa Santiago/David, Airco Equipment Sales 774-4456
Panama http://www.hopsa.com
Material/Description Cost of Material | Unit of Material
4'x8' corrugated plastic sheets 6.20 per sheet
2 in outlet water pump 528.58 each
Supplier Location Supplier Information
Medina Tool David, Panamé medinatoolrental@yahoo.com
Material/Description Cost of Material | Unit of Material
7kw, gas powered Generator 225.00 per week
2 in outlet, gas powered water pump 30.00 per day
150.00 per week
Jackhamme.r/Chlpper 90 Ib with an 125.00 ver day
Air Compressor
Electric Drill 65.00 .per. week
can also get drill bits
Transport 100.00 per trip from

David to tole




Material and Equipment Outside Panama

Supplier Supplier Website
Mays Trail Equipment www.maystrailequipment.com
Lowe's http://www.lowes.com/
Material/Description | Cost of Material Unit of Material
Pionjar
jackhammer/vibrator 23163 per month
Task Force 16 Oz.
3.98 each

Smooth Hammer
Kobalt 25' Metric and 10.98 each
Kobalt 12" Finishing 15.98 each
Truper 47" Fiberglass
Long Handle Round- 9.98 each
Point Shovel
True Temper 4 Cu. Ft. 34.97 each
Chain Saw 109 each
Oregon 2-Pack 14"
Replacement Saw 19.96 each
Chain
Stanley 15" Hand Saw 13.98 each
Poulan Pro Quick Start

g 5.68 each
Oil Kit
Encore Plastics 5-
Gallon Gray Pro Logo 2.78 each
Pail
Fi-Shock High-Tensile

. 24.12 each
Wire Cutters
Blue Hawk 3" Deck
Screws 2.97 each
Northern Tool & Equipment | www.northerntool.com
High Test Chains
Pulley Blocks (5 ton)
Pulley Machine
(3.2 ton)
Come Along (2 ton)
Rope (100ft)
Hooks
Pulley Machine
(1760 Ib)
Pulley Blocks (4 ton)
Heco Slings Corporation www.hecoslings.com

Wire Rope, 36 mm
Wire Rope, 26 mm
Wire Rope, 13 mm
Wire Clips
Thimbles
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